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ABSTRACT 


A regional subsurface study of the Lower Cretaceous 
oil and gas bearing Viking sandstones in central Alberta, as 
well as part of southwestern Sagkatchewan, was undertaken to 
determine patterns and environments of deposition. 

The chronologic and spatial development of the sand- 
stone units were analysed by making use of four widely 
spread bentonite beds (E, C, A, Ao) which were used to 
subdivide the formation into three chronostratigraphic units 
designated informally as 'Basal', 'Lower', and 'Upper'. 
Sandbodies in these time units were mapped and diagnosed 
with the aid of more than 6,000 electric well logs, cores 
from 73 wells, and through the use of 62 stratigraphic 
cross-sections. 

The Viking Formation in Alberta and Saskatchewan 
lies between two marine shale sequences. The formation 
consists of mineralogically and texturally mature sandstones 
interbedded with varying proportions of siltstone, mudstone, 
Shale and chert pebble beds. Generally, the Formation 
thins from 200 feet (61m) in the southwest to zero north- 
east of St. Paul. 

The bentonite chronostratigraphy, sandstone geometry 
and vertical succession of lithology, sedimentary structures, 


textures and ichnofossils in cores reveal two main facies 
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sequences (A and B) which are geographically restricted and 
distinct, and which migeetea in opposite directions. 

The shoreline-nearshore sandstones (Upper Western), 
located southwest of the study area, are predominantly wave- 
dominated regressive meso-tidal barrier island systems 
represented by facies sequence A and comprises 11 facies 
(ebb-tidal delta, transitional, middle shoreface, shelf 
clays, upper shoreface-beach, dune, back barrier mudflat, 
overwash and marshy lagoon, mixed tidal Flat, tidal creek 
channel and overbank). The system trends northwest-southeast 
and prograded in a northeasterly direction approximately to 
a line which runs from Township 35, Range 28 through Town- 
ship 30, Range 21 to Township 24, Range 18 W4M. Much of 
this sequence was deposited prior to the Upper chrono- 
interval. 

The barrier island sequence differs slightly from 
the® Recent +classic*regressive Galveston-Island- model -in the 
presence of an ebb-tidal delta and marine shelf clays, res- 
pectively, beneath and above the middle shoreface facies. | 
The South Carolina Recent barrier islands are considered 
closer modern analogs. 

In contrast, offshore sand deposition was more 
localized and characterized by the development of chrono- 
taxial multiple sandbodies which migrated in a southwesterly 
direction (landward), in opposition to the shoreline~near- 
Shore system. The locus of sand deposition also shifted 


intermittently in the same direction with time. 
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The earliest thin Viking sand units, some erosively 
based, were deposited during the Basal chrono-interval. 
They include the Beaverhill Lake, Hamilton Lake, Provost, 
and Dodsland-Hoosier reservoir sands. These were Fouaened 
by the isochronous deposition of the Lower, Joffre, and 
Joarcam sandstone complexes slightly to the southwest of the 
Basal sandstones, but still during the Lower chrono-interval. 
These sandstone complexes are respectively characterized by 
9, 4, and 12 chronotaxial elongate sandstone units arranged 
in linear and/or paraliel rhythmic fashion and separated by 
swales characterized by poor sandstone development. A final 
southwesterly shift in the locus of deposition occurred 
during the Upper chrono-interval with the deposition of the 
thickest single Viking sandbody (Upper Central). During 
this period as well, deposition of much of the Upper Eastern 
Sandstone complex continued ina southeasterly direction 
near the Alberta-Saskatchewan border from Townships 20 to 25. 
Generally, differential migration of these offshore sand- 
bodies in the same average direction resulted in an imbri- 
cate pattern. | 

Facies sequence B (I to V) comprising 5 facies (bio- 
turbated mudstone, heterolithic, cross-stratified sandstone, 
bioturbated sandstone and chert pebble conglomerate facies) 
characterizes the offshore sandbodies. Each facies consists 
of varying proportions of interbedded sandstone, siltstone, 
mudstone, shale and chert pebble beds. Bioturbation is 


Ubiquitous but more pervasive in facies BI, BII and BIV. 
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Facies BIII comprises a variety of small to medium scale 
cross-stratified (some herringbone-like) and horizontal 
laminated sandstone beds with usually sharp (erosive?) 
cross-set contacts. Shale and glauconite drape foreset 
laminae. Facies BV consists of shaly, predominantly matrix— 
supported chert pebble conglomerate beds which have an 
erratic stratigraphic distribution largely controlled by 
seafloor topography. eee upward textural gradient 
predominates, but lack of gradient is common. The facies 
are not stratigraphically dependent and each is the product 
of alternate bedload and suspension deposition from waning 
tidal, storm and perhaps semi-permanent currents. 

Comparison with the poorly known responses to these 
agents in present-day environments, and with interpreted 
ancient examples indicates that the lateral facies varia- 
tions, sedimentary structures in the cross-stratified facies, 
lithology, morphology and stratigraphic position and rela- 
tionships of these sandbodies point to deposition in a sub- 
tidal, tide dominated shallow offshore marine environment 
below normal wave base. 

Facies BI to BIII are believed to represent deposits 
of various parts of a tidal current sediment transport path 
such as exists in the Celtic Sea. Facies BIV is thought to 
represent either the bioturbated surface zone of stagnant 
ridges or the basal part of swale facies. The paleohy- 
draulic regime is envisaged to be fairly analogous to the 


present-day North Sea tidal sand ridges where tidal currents 
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flow in mutually evasive ebb and flood channels. Facies 
BV was deposited during the highest energy meyey in the 
environment, perhaps when storms and/or semi-permanent 
currents (Boreal and/or Gulfian) boosted tidal currents. 

On the basis of the stratigraphic position of the 
thin Viking sandstone members of the Dodsland-Hoosier area 
of southwest Saskatchewan, their lateral relations to the 
Upper Eastern sandstone, and their depositional pattern-.and 
trend, the writer suggests that they may represent a tide 
generated sandwave field. 

In general, the shoreline-nearshore succession 
overlies the offshore tidal sand ridges around Township 34, 
Range 27W4M. Southeast of this locale, both are laterally 
separated by a thick mudstone interval. Although Viking 
sandbodies in the study area show varying degrees of dia- 
chronism parallel and perpendicular to the paleostrandline, 
the Upper Western and Upper Eastern units are the most 
diachronous and this is perpendicular to the shoreline. 
Parallel to the strandline,. the Formation youngs to the 
southeast. 

It is believed that deltas, probably located in the 
Jasper area and in the southern Alberta-northern Montana 
Foothills supplied much of the Viking sediment. This sedi- 
ment was either funnelled directly into the offshore region 
guring a-still-stand shoreline condition, or is earlier 
low-sea-level deltaic deposits modified during a later sea- 


Hevyel rise. In either case, tidal currents augmented by 
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storm and/or semi-permanent currents redistributed and 
fashioned it into rythmic linear and parallel sandridges 

in water depths which were in excess of effective wave base 
much of the time. 

All known economic accumulations of oil and much of 
the gas in the study area are hosted in the tide-generated 
sandstone units. In most of the reservoirs economic hydro- 
carbon accumulations are trapped updip along their north- 
eastern margins. Although regional dip has obviously played 
a role, cleaner sandstone and coarser grain size along this 


Margin in response to depositional pattern may be the more 


important. 
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CHAPTER 


INTRODUCTION 


General Statement 


In the subsurface of much of central, east-central, 
and southern Alberta, including the adjacent parts of western 
Saskatchewan, the Lower Cretaceous Viking Formation is 
enclosed between two well defined marine shale units, the 
underlying Joli Fou and the overlying Lloydminster Forma-— 
tions. The Viking Formation consists of several discrete 
sand bodies some of which are reservoirs for oil and gas. 
For maximum success, an exploration and exploitation program 
for these highly commercial reservoirs demands a thorough 
understanding of the genesis of the sands. This, in turn, 
aids in the reconstruction of a comprehensive paleogeographic 
picture of the region. 

Although work has been directed towards these goals 
in the past, such eyes were localized in different parts 
of the region. Hence, a variety of interpretations resulted 
from seeing only parts of the whole picture. A better 
understanding of the origins of these sand units in time and 
Space can be gained only from a detailed regional subsurface 


study which integrates all available lines of evidence. 


Pano o@ ao Reena, 
BR iat Borys Oe er ae Be Doe os & eookeondus 


whe at Hoey stokes a He a pth. La tony 


5 
= 


role th oa lwiy ¢ nsmnactaag same ‘oid, 


: F ; j ae 
rT } r 75 au pigs 4) és i i a“ ry ig Py zt rari | 4 Gye y sé ei . Lio pi u 
4 ; ; | a 
Ary Cavan yedy pak vine wily ‘bite. ad y 


va 


siarion th) Late ree io Ee ae: Sabri: eral a. 


; 
ai) ty “ p ’ y \, a 

i a) ee ne OTR © 4 P ppg f 2 ei ie y : oe 
POS "O ON SY Pay CN eee: Rag, ae ripunelae me 4 


ey iy &, Bhar’ J a soaa REI 
a in “i AN vo) ae 


i 1 i ( J - Le! y ; : 
Pet SEER on f air TST eo) Lé Ma BY Le mf) PCs dad AE Be wt 1 Pa oak 4, 


~ 


i re ta i 
B Lee gies abaimwo: _ tag Se nae 


cr tg) ‘ane wat ob ee Aubenet. nay pobise Houle ily 


4 paki pase aeeé aa sihuaitey am o easy, 08 


Ti 
jor 


nnn A iaieans anette. oat Aetpasag sac 
sit ia rye ico tay Bete Sead Es) me akg 303 mr: 


haa 


qostate adue iegokger Balt =b6 5 oe y 
f, be 


mn 


wane. Wa is Ronan ar olantamue 6 


Objectives 


The objectives of. the present study are five-fold; 

Ll. To establish.a chronostratigraphic framework for the 
Viking Formation utilizing bentonite beds correlated in 
a previous study (Amajor, eo alice 

2. To correlate and map the relatively thick and laterally 
persistent sand bodies within each time interval and to 
diagnose their geometries and depositional patterns 
using stratigraphic cross-sections and fence diagrams. 

3. To determine the environments of deposition of the sands 
by integrating the above knowledge with that gained from 
a detailed core study. 

4, To reconstruct the paleogeography of the study area 
during Viking deposition. 

5. To examine in general terms the occurrence and distribu- 
tion of hydrocarbons in the formation in reiation to the 


interpreted depositional environments and paleogeography. 
Study Area 


Figure 1 shows the geographic setting of the area of 
Study, located in south-central Alberta and. part of south- 
western Saskatchewan. It roughly embraces Townships 16 to 
Sa,eRanges. 1 to 29W4M and. Townships. 23 to 32, Ranges 1 to 
6W5M in Alberta; and Townships 20 to 32, Ranges 24 to 30W3M 
in Western Saskatchewan. This area is approximately bounded 
by latitudes 50°N and 55°N and by longitudes 106°W and 115°w. 


It covers an area of approximately 40,000 mi.? (103,600 km2). 
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Figure 1. Location of study area. 
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Structurally, it is located in the Western Canada Sedimentary 
basin on the northern limb of the Sweetgrass Arch. 

Most of the producing oil and gas pools in the 
Viking are located in the study area (Figure 2). These 
include the Hamilton Lake, Joarcam, Joffre, Smiley and 
Dodsland-Hoosier oil pools, and the Atlee-Buffalo Lake, 
Beaverhill Lake, Bindloss, Cessford, Huxley, Oyen, Provost, 
Red Willow, Sedalia, Sibbald, and Wayne Rosedale gas pools. 
Thus, the study area is considered the most suitable for 
this kind of regional subsurface analysis because it 
includes areas of maximum sandstone development and has the 
highest density of boreholes, which have yielded abundant 
subsurface data in the form of electric well logs and 
fairly good core control. In addition, non-productive 
Viking sands have been penetrated, logged and cored during 
the course of exploring for oil and gas in the deeper 
underlying formations, particularly the Devonian car- 


bonates. 
Previous Studies 


Several aspects of the Viking Formation in Alberta 
and Saskatchewan have been investigated by past workers. 
The oil and gas prospects, reservoir and production history 
of the Formation in various areas have been treated by 
Slipper (1918), Badgley (1952), Jardine (1954), Reasoner 
and Hunt. (1954)4. FRatoh (1955), Gammell._G1955).,.McPherson 
(1955), Larson €1960)', “Arnuo™et al. (1977), Boethling 


(1977a), and Thomas (1977). 
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Location of some Viking oil and gas fields and cored wells studied. 
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The general subsurface lithostratigraphy has also 
bee examined by Hume (1933), tous (1945), Gammell (1955), 
Bove (1955),,* Glarster- (1958, 1959), Stelck (1958)-, Tizzardad 
(1974) and Amajor (1977). 

The foraminiferal biostratigraphy and paleocology 
of the Formation have been studied by Nauss (1947), Bullock 
(E950), Bahan (LISD), Stansberry (1957), Stelick (1958, 1975) 
and North. and Caldwell (1975). 

The generalized geologic history of the Lower 
Cretaceous of Western Canada and of the North American con- 
tinent have been reviewed respectively by Rudkin (1960), 
and Williams and Stelck (1975). 

The more recent publications have focused attention 
on the depositional environments of the Viking sandbodies, 
and virtually all the common sedimentary processes operating 
in the nearshore and offshore regions have been invoked by 
one author or another. Hence, this aspect of the Formation 
has be highly controversial. 

On the basis of the implied or interpreted deposi- 
tional mechanism, six types of deposits have been envi- 
sioned: (a) Regressive and transgressive shoreline deposits; 
(b) Storm surge deposits; (c) Turbidites; (ad) Beach-Barrier 
Island--offshore bars; (e) tidal current ridges; and 
(£) delta. These depositional concepts will be briefly 
reviewed in chronologic order of first appearance in the 


literature. 
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The Regressive-Transgressive Shoreline Concept 


On the Dasis.of Lackvor distinct or abrupt faunal 
changes before and during or after Viking deposition in the 
area of the Imperial Eldorena No. I well (4-27-57-20W4M), 
Block .(1950)" suggested the Viking to. répresent the sandy 
facies of the early Lloydminster flooding. However, Gammell 
(1955) stated that the Viking sarids of central Alberta 
behave like regressive-type Sand wedges in general, and 
vaguely suggested that currents moulded the sands into bars. 
More specifically, De Wiel (1956) attributed the sediment 
dispersal mechanism to Jongshore currents» in front of a 
shifting strandline. Glaister (1959) interpreted the 
laterally equivalent Bow Island sandstones of southern 
Alberta to be deposited during repeated minor regressions 
within the major Prarieqresccons Thomas (1977) called the 
Sandstone in the Provost 13-12-36-5W4M well a transgressive 


deposit. 
Storm Surge Concept 


The storm surge concept was first advanced by Hunt 
(1954) for the genesis of the Viking reservoir sands in the 
Joseph Lake-Armena-Camrose trend, located within Townships 
aG6.CO. 507 Ranges, 20. to 23W4n igure ;2) . This interpreta- 
tion was based on the sedimentary structures and textures, 
and the uniform thickness of the sand unit. A similar view 
is shared by Koldijk (1976) and Thomas (1977) for the Gilby 


Viking ‘Bt reservoir sand located within Townships 41 and 42, 
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Ranges 3 to 5W5M. This sand unit is regarded as a north- 
westerly extension of the Joffre-Bentley trend. Based on 
the observations of Evans (1970), the.Viking sands of 
Dodsland-Hoosier area of southwestern Saskatchewan were Se 


interpreted as storm deposits by Davies (1977). 
The Turbidity Current Concept | 


The proponents of this concept were Beach (1955, 
1956, 1962) and Roessingh (1959). The basis of the inter- 
pretation lies solely on the following: 
1. A seemingly anamolous distribution of up to boulder size 

pebbles in the Formation. 

2. The occurrence of bentonites. 
Bee SLEUCtUrEeS interpreted, as. due sto slumping. 
4, Interpreted non-diachroneity of the Formation. 

The presence of bentonites is an evidence of vol- 
Ganism probably related to tectonic activity during Viking 
deposition. They then reasoned that such a diastrophic pro- 
cess may have been accompanied by earthquakes, which are a 
likely cause of submarine slides and tSunamis. These in 
turn are possible sources of energy to trigger turbidity 
currents capable of transporting pebble size materials. 
This concept met with great opposition at that time from De 


Wiel (1956) and Jones (196la, 1961b, 1962). 
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The Beach-Barrier Island--Offshore Bar Concept 


Stebel 1(1953) interpreted the Viking sands as shore- 
line and offshore bars developed along the borders of the 
Haplophragmoides gigas (Joli Fou) sea. Jones (1961) sug- 
gested that the Upper Viking sandstone in the: southwest of 
his study area, located within Townships 23 to 34, Ranges 
20 to 30 W3M in western Saskatchewan; possibly represents 
beach deposits. 

The first attempt to document evidence in favour of 
offshore bars for some Viking sandbodies was made by Shelton 
(1973). Based on the gradational lower and lateral contacts, 
a width-thickness ratio of 500:1, mixed bedding, and the 
presence of glauconite in the Formation at Joffre, he inter- 
preted these reservoir sands as offshore barrier bars. He 
went on to postulate that the Joffre and Joarcam fields re- 
present two lines of barrier bars 70 miles (113 km) apart 
deposited at different times (Joffre first), under regres--.. 
Sive conditions as the sea retreated toward the northeast. 

A similar interpretation was arrived at by Tizzard (1974) 
and Tizzard and Lerbekmo (1975) from a more detailed study 
of the Viking sandstones in the Suffield area, located 
within Townships 19 to 26, Ranges 1 to 16W4M. Thomas (1977) 
also interpreted the Viking sands penetrated and cored in 
wells Kirkpatrick 2-11-33-10W4M and Westlock 10-9-59~-26W4M 


as-offshore bars. 
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medal Current sRidge Concept 


A fairly detailed study of the Viking Formation in 
the Dodsland-Hoosier and Smiley areas of southwestern 
Saskatchewan, located within Townships 29 to 32, Ranges 19 
to 28W3M was undertaken by Evans (1970). He showed that the 
relatively thin sand units characteristic of the area trend 
WSW-ENE at high angles to the NW-SE trend of most Viking 
Sandbodies. He went on to BenOneere te chat these thin sand 
units, which he termed enee oe were stacked in imbricate 
fashion, with the younger units progressively displaced 
southward. He integrated these observations with the 
characteristic interlamination of thin.:shale and sandstone 
Be adere,, the presence of local chert pebble beds, and the 
general coarsening upward textural gradient, and concluded 
that the sand units were deposited by east flowing tidal 
currents relatively far from shore. He likened them to the 
present North Sea tidal ridges of Off (1963), and Stride 
(1963). However, he regarded the more normally NW-SE trend- 
ing linear Viking sands to the southwest of his study area 
as Shoreline fand offshore bars pant i stinteresting to note, 
however, that his interpretation has become a textbook 
example of an ancient shelf tidal sand ridge system (Selley, 
OVO y (De le CIN Loe he. aot), 

A compromise interpretation between harrier island, 
storm surge and tidal current ridges was made by Simpson 
(1975) in a regional study of the Colorado Group in west~ 


central Saskatchewan (Townships 17 to. 58, Ranges 9 to 23W3M) 
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and parts of southern Alberta. On the basis of the pre- 
dominance Sf particuiar yross lithologies and sedimentary 
structures, and the distribution of significant heterostrate 
biofacies, he subdivided the Bow Island-Viking succession 
into three gradational environments, namely, nearshore, 
proximal and distal shelf. He then went on to hypothesize 


that: . 

1. The nearshore is characterized by shoreface and barrier 
island sands similar to the Recent Galveston Island of 
Lexas. 

2. The chief agents of sediment dispersal in the shelf 
region were storm surge, augmented by tidal currents. 
These were envisioned to produce tidal channel deposits 
and large scale sand ridges on a thin reworked relict 
sediment layer, similar and comparable to the tidal sand 
ridges of the North Sea investigated by Houbolt (1968). 
However, concerning the depositional history, Simpson had 
this to say: 

ote SNS! Gaverricsceuco.a. Net neqression, 
through eastward and northeastward movement 
of successively younger, nearshore and shelf 


sands -(. . . Bow Island sands,. Viking Forma- 
BOM eras tee 


' The Delta Concept 


Amoco Canada Petroleum Company Limited (1976) mapped 
a Lower Viking delta in the area adjacent to and east of 
Jasper National Park, located approximately within Townships 


40 to 56, Ranges 12 to 27W5M. Although this area was not 
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covered in the present study, Stelck (personal communica- 
tions, 1979) supports this interpretation, 

The great variation in interpretation of the deposi- 
tional environments of the Viking Formation suggests that we 
are either dealing with a very complex depositional system 
in the Viking Sea, or that some interpretations are incor- 
rect. Address to this problem conetitures the main thrust 


of this dissertation. 
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CHAPTER, If 


METHOD OF STUDY 


Borehole and seismic logs, cores, sample cuttings 
and sidewall samples are basically the main sources of infor- 
mation on the subsurface geology of any area. The require- 
ments for making a detailed reconstruction of the deposi- 
tional environments of any sedimentary sequence from sub- 
surface data can be summarized as; 

i Evenly spaced high density distribution. of boreholes. 

PeePrecise electric, radioactivity or acoustic log correlation. 

3. Mapping of genetically related time units, augmented 
by diagnostic stratigraphic cross-sections. 


4. Sample analysis. 
Density of Subsurface Control 


The base map used in the study was one inch to 
four miles base showing Townships and Ranges. The subsur- 
face well control cousists of approximately 6,000 electric 
well logs. For a map area of approximately 40,000 mi2 
(103, 600 km?), this amounts to about one well per seven 
square miles (18 km2). However, the well density is not 
evenly distributed over the study area. 


The dynamic exploration, production and development 


programs for the shallow Viking reservoir sands and the 
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underlying formations in the study area are responsible for 


the wealth of subsurface data available for this study. 
Electric Well’ Log Correlation 


A standardized procedure utilizing the spontaneous 
potential (SP) log as advocated by Hitchon (1964) was 
employed. However, where the resolution of this log was 
observed to be poor, the gamma ray log and/or the resistivity 
eompornent of the electric log were used either as a cross- 
check or a substitute. 

The correlation technique used is most similar to 
that described by Lowman (1949) called “correlation by 
Steratal continuity." By this method all well logs in an 
area are studied in order to establish stratal continuity. 
It is akin to the surface correlation method often referred 
to as "walking the outerop." In the present study,. the 
method was first used to trace certain bentonite marker beds 
observed in the Formation in a previous study (Amajor, 1977). 
These chrono-horizons were used to subdivide the Viking 
Formation into three chronotaxial rock slices. The more 
laterally persistent, thicker and economically significant 
sand bodies within each slice were then correlated and 


mapped. 
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Isolith and Isopach Maps 


Four isolith and two isopach mapa were drawn to show 
by means of 10-foot contour intervals the variations in the 
apparent aeed Seite and lithologic thicknesses of the 
defined units. 

The thicknesses of the Viking sand units in each 
time interval were taken from the spontaneous potential log. 
These measurements have been assumed to reflect the true 
thicknesses of units because it is impossible to adjust the 
log readings without a directional survey of the wells. 
Thickness readings were then contoured utilizing both the 
mechanical and the interpretative techniques of Krumbein and 
SsLross (1963, p. 437). 

Isolith maps were constructed for reasonably dis- 
crete sand units whose lateral boundaries were easy to 
determine. In areas where discrete sandbodies are stacked 
vertically but separated by less than 30 feet (9.0 m) of 
shale, mudstone or siltstone, isopach maps include the whole 
interval. In such cases, separation of individual units was 
successfully achieved in stratigraphic cross-sections and 
fence diagrams. In areas where two sand units are inter- 
preted to coalesce or overlap slightly, it is extremely dif- 
ficult to partition the transitional area correctly. Some 
such zones may be mapped twice. However, these areas are 
few, and will be mentioned at the appropriate time in the 
discussion. 


In a few areas with very poor well control isopach 
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lines were extrapolated to what was felt to be a reasonable 
interpretation. Areas of very little sand or no sand depo- 
sition, as interpreted mostly from electric and gamma ray 
logs, were not mapped. The resulting isopach and isolith 
maps were used as base maps for stratigraphic sections and 
core control, which in turn served as a check on the accuracy 


of the maps. 
Stratigraphic Cross-Sections 


Because stratigraphic sections are the most informa- 
Pave for. this kind of .study, (porter, .1967), ,. sixty. two strati- 
graphic cross-sections utilizing 1,000 electric well logs 
were constructed either parallel or perpendicular to the 
depositional strike of the sand peed Generalized 
sketches were prepared of each cross-section and inserted 
in the text for easy reference (detailed sections are stored 
in the pocket.and well identifications are listed in Appendix I). 

The density of well locations allowed selected wells 
ro be nearly.in straight lines. ~Inseach stratigraphic 
cross-section a bentonite horizon was selected as a refer- 
ence or datum line. Where the main datum is discontinuous, 
a subsidiary reference datum was also used. In areas where 
these bentonite marker beds can be correlated with consider- 
able certainty, they were relied upon entirely. In areas 
where pentonite Sonecle ion Lis.uincertain,. distinct and 
lateraliy persistent.electric log Signatunes were. used as 


datum horizons. Electric well log spacing generally ranges 
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from 0.25 to 5 miles (0.4 to 8 km) in the cross-sections; 


however, in a few the spacing is somewhat greater. 
Fence Diagrams 


Six fence diagrams utilizing 600 electric well logs 
were prepared to demonstrate variations in the vertical and 
lateral stratigraphic relations of some sand bodies in the 
study area, since neither maps nor cross-sections alone por- 
tray the entire geologic ee, 

Basically, the fence diagrams were constructed from 
the spontaneous potential curve of well logs, with the tops 
of the logs placed approximately at the map locations. 
Identities of wells in the diagrams are listed in Appendix II. 

Core Analysis 

The isopach maps were useful as base maps for core 
control, as they restricted the search for cored wells to 
the mapped sand units, and facilitated the identification of 
the cored sand. The search for cored welis was conducted in 
the record files of the Geology Division of the Research 
Council of Alberta in Edmonton. This was supplemented with 
a computer print-out of the locations of cored wells in the 
Joarcam-Beaverhill Lake fields, supplied by Imperial Oil 
Company Limited of Calgary. 

It was observed that many cores were cut from some 
Ssandstones,especially the producing sands, while only a few 
or none were cut from others. For most of the sand units 


enough different stratigraphic intervals were cored as to 
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represent almost the entire Formation, but in different 
areas. The entire sand body was completely Bes in only a 
few wells. 

A total of 4,173 feet (1,273 m) of unslabbed cores 
(plus-a few cuttings and sidewall samples) recovered ‘from 73 
wells which penetrated the Formation were studied in the 
core storage laboratory of the Alberta Energy Resources 
Conservation Board at eargarn. 

Pescriplron Or wie rockruntts trcluded “gross thick— 
ness, lithologic assemblage, grain size, sedimentary 
structures, nature of contacts, and trace and mega fossil 
content. Particular attention was paid to the vertical 
efianges “in *single* sand units. Descriptions of some “cores 
studied by previous workers were also integrated into this 
study. When possible, cores from nearby wells were examined 
together so as to make qualitative comparisons of some of 
the above parameters. 

Core diameter varied from 3 inches (7.5 cm) to one 
mich (2.5 Cm), Witle core recovery tcanged from excel tent” to 
very poor. Although some cores had been sampled previously, 
in most cases sufficient rock remained to allow the sequence 
of sedimentary structures and textures to be fairly well 
established. For some wells the cores were either lost or 
were so badly cut up that the sequence was difficult or 
impossible to establish. 

Because the interval characteristics of well cores 


are easier to discern on sawed surfaces, it was decided to 


“new vu dull eon eee 


Seung Bect eT wo (me etg o ae ee ae Pa 
EY atch, bei nsec yy’ of sien ite wise J { snatibe Nits sossni 
ene 22 Re tihess sine poet tay rst ‘ents peoaken 
BLO RH yytend) ee “nek A orf te scx 

me, 
| sates no. +s b 
Moret warts babi fret! sti t9e% ‘hs 0 nad 


ae +t ep ieny ave: bere rem ey hei pus. tein 


~ 


Lieeo? open rus soe cas 4 FORO fe) ‘exh 


Loci aided Bieeey sew notsinet's telusihs 


a r 


 : ot Ee ‘bags ‘ef 


SOS Oia She: aie eevee 


wf 


wt O28 Dae epee i; ee, anew ‘xen ow a 


Pi agate’, ata. i aca wel Jed Hthup: aotsin of ail 


vid ise Sa! ‘extaw itn wien? ‘ales. vasiehoiieg 


wi Od wan Both! nadont: +i Pore hoe: x ; | 
oF treat { sensed tr ‘Boe ae inevelony 8IOS = oa 
is bau oivwe tg spigmpe neod fpit-soxoo om Mpuotaha 


| Coen ee ody. Woxts ot baitdemes stood: meionitad 


; 


ita wl Per od\or aermtuns bins Beaua >was vy 


~ 
— 


ara = sat 
‘tt I ted ret be dew Baneo" est witee ans dot a pF ’ , 


to ciwekd 2th 260 F ounmeipas -—e snd ‘on 37%. ‘etbad 


’ ‘ i A 
re ’ ; 4 ae hl 


| eee » sdb tease of of 
— ‘38 ta $0 ‘nobel aaaatiais swenaae i oupsned © 
pe brats abt wey i ‘cbopabaiue peated Pore os 3 


» 

a 

a 
ae 7 


19 


slab the core from a select number of (aun naeanacnntne 

basis of: 

PemDegreerof Peseta natoe sedimentary structures and 
lithology. 

2. Cored interval thickness, core diameter, core recovery 
and the condition of the core. 

3. The stratigraphic position of the cored interval. 

4. The number of independent sand units cored. 

5. Location of the cored well on the sand unit. 

Consideration of the ahovertacters led to the selection of 

ive tleét aisle izvami) soficore sfrome24 wells.indPhotographs 

were taken of continuous slabbed core of some representative 

sandbodies,-.and of single core pieces containing diagnostic 


sedimentary features. Cored wells are described in Appendix III. 
Thin Sections 


Sixty-one samples of representative lithologies were 
taken from 13 wells and six different sandbodies. These 
were thin-sectioned and impregnated with blue epoxy to pre- 
serve the original texture and facilitate the recognition 
and identification of pores. 

It was initially thought that the composition, tex- 
ture and diagenesis of these sandbodies would be considered 
in some detail. However, the time factor restricted the 
number of thin sections examined to 44, and the analysis to 
quartz grain size distribution and textural maturity. 


The technique of Berg and Davies (1968) was used to 
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determine the grain size distribution of the long axes of 
200 monocrystalline quartz grains. Thus, grain size varia- 
tion that may be caused by compositional differences are 
eliminated. 

The mean grain size and standard deviation were 
determined by arithmetic methods. Iwuagwu (1979) did not 
observe any Significant differences in the computation of 
these parameters by thin section graphic and arithmetic 
methods. 

Although the sorting coefficient derived from the 
quartz grain size distribution shows :the sand to be well 
sorted, it was noticed that most of the samples contain some 
Matrix. It was then decided to characterize their overall 
textural maturity by the matrix-framework ratio method as 
this might provide some clues to the sediment dispersal 
mechanisms; matrix is defined according to Krynine (1948). 
Two hundred points were counted in each of 36 thin sections, 
and the matrix-framework ratio computed arithmetically. 


The data sheet for grain size is in Appendix IV. 


F De patil : 
Vpiee ar oie»! ig ant 
f i r ; A i a A _ a | 


tea wae ‘genine oth ve to eevee 


~g hae ys a z Haein! ‘ watt wat 


ite awaneitas 3 iS Li si ea ad been a6 


Son) BAS LATED} prree cs eae ehctnntct ni 
2, eh heot yagi Stet he secant specie’ 
SID ended 2g Dpie % Sie oo AL iyo n bate: A * 

Cm Set poe vega en toss | ay iu i 


tat 


Rati bi Coed tae a Pik 1 x ae apbthgicess, ovin' 


a Roa 


ede eew 


ae Pont sa ht ae test aie ee ip nit sam jie “iad ee 


BBR MESES AO) 2S ata nee mi om ‘lage sige P 
} 4 ( i : ’ up| a vA i " aa? st 


i iv hee 


RE, Cae re asa at i b" one: Sabb ai 


ae ee *) ey sa ae 


bakkie: wie Ht bch fone, we: bess 


hie ae ion y ioe 
ai tar pte vente obale 


y ‘ 


art Pie ; ) i 
i i" 
1 va ‘a iy : we 5 
us bi one Be a) oe aise < jeoda 
7 ; if i oy Ae ites 7 - 7 ae 
ae 
<0 
1"; : 
, _ 
t i 
P : 
‘ 


CHAPTER III 


REGIONAL GEOLOGIC HISTORY AND 
STRATIGRAPHY 


Geologic History 


the Lower) Cretaceous geologic history of the 
Interior Plains of Western Canada summarized herein draws 
mainly from the works of Rudkin (1964), Stelck (1958, 1975), 
Douglas et al. (1970), Dickinson (i971, 1976), Wheeler et al. 
(1972), Williams and Stelck (1975), Simpson (1975) and 
Eisbacher (1977). It is intended to give the reader a broad 
paleogeographic picture of the tectono-sedimentary framework 
within which the Viking sandstone units were formed. How- 
ever, such a discussion would not be complete without con- 
Sidering the adjacent older and younger strata. 

The tectono-sedimentary framework which controlled 
and determined the course and patterns of Cretaceous sedi- 
mentation in the heart of the North American Continent was 
established in.the Late Jurassic by the Columbian Orogeny 
(Nevadan and Coast Range Orogenies). This event was 
sporadic in time and space, with three major climaxes 
of intense activity punctuated with less intense pulses up 
to the early Late Cretaceous. 

The early phase of the late Jurassic (Nevadan) 


orogeny was intense and mostly restricted to the Omineca 
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Geanticline. 

The Aptian-Albian middle phase (Coast Range) orogeny 
was more widespread. During. this period, rocks of the 
Cordilleran geosyncline were intensely deformed, metamor- 
phosed, extensively intruded by granitic masses, and the 
whole area uplifted. The Sierra Nevada-Idaho-Nelson-Omineca 
batholithic mountains coalesced into a continuous highland. 
Volcanic eruptions accompanied this event, and several con- 
temporaneous eactbate elements formed: The Rocky Mountain 
exogeosyncline, hacer ee ne aero the subsiding western 
cratonic margin, formed parallel to the eastern margin of. 
the orogen and extended from the Arctic ocean to the Gulf of 
Mexico. 

The early Late Cretaceous phase of the Coast Range 
Orogeny was characterized by widespread plutonic, tectonic, 
and volcanic activity. The earliest pulses of the Coast 
Range, CasSsiar and Itsi bathol sens: andglater;stagesyof the 
Nelson batholith were expressed at this time. This phase 
apparently coincides with the Lower-Upper Cretaceous geo- 
logic boundary. In the southern foothills of Alberta the 
Crowsnest volcanics coincides with this boundary approximately. 

The less intense pulses of the Columbian orogeny may 
be partly reflected by volcanic rocks and ashes which 
punctuate the stratigraphic record: These Lower 
Cretaceous tectonic elements are generalized in Figure 3. 

Consequent upon ieseaevents. episodic uplift and 
subsidence of the Rocky Mountain trough resulted in fluctuat 


ing marine incursions from both the Boreal and Gulfian Seas. 
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ane greatest subsidence occurred along the western margin of 
ime trougn; hence, the bulk of june .detritus derived from the 
adjacent rising mountains was deposited along this margin. 
The Lower Cretaceous lithostratigraphic sequences in the 
Western Canadian basin thus record the transition from an 
early history of orogeny and nondeposition, to cycles of 
non-marine and marine paralic ponent tious 

The non-marine Peitaaaie lacustrine and fluviatile 
sediments which overlie Late Jurassic beds unconformably are 
represented in Alberta by the Lower Manville map unit of 
~ -Rudkin (1964), whilst the Upper Manville unit is essentially 
composed of continental to marine paralic ineerbeds. The 
Lower Colorado Group of Albian age is predominantly marine. 

During the Late Albian, two major marine transgres- 
Sions occurred in the Western Canadian basin. The basin was 
invaded by a southward advancing Boreal Sea and, to a lesser 
extent, by a Gulfian Sea which advanced toward the north. 
Evidence based on macro- and micro-faunal biostratigraphy in 
Western Canada and the United States demonstrate that the 
seas merged at least once in early Late Albian time. ‘This 
was followed by a somewhat regressive phase at which time 
Viking sediments were laid down before the next flooding. 
The reconstructed extent of the Albian epicontinental seas 
in the North American Interior Plains is shown in Figure 4. 

Sediments of these seas comprise the Lower Colorado 
Group, whose generalized ASS aos EES is shown in Figure 5, 


It shows that the greatest subsidence occurred within the 
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Peace River area and in southern Alberta. These areas haye 
been suggested to be characterized by deltas. Central 


Alberta appears to have been relatively stable, 
Regional Stratigraphy 


The stratigraphic sequence encompassed by the Lower 
Colorado exon of the study area consists predominantly of a 
marine sandstone (Viking Formation) intercalated between two 
Marine shale/units: the underlying Joli Fou Formation~-and 
overlying Lloydminster Shale. They are well defined and 
PAasiivetraced sin eLectricwwel lidogs (Figure 6)4 The itho- 
bio-stratigraphic correlation between sections of the Lower 
Colorado Group in Alberta, Saskatchewan and Manitoba are 


shown in Figure 7. 
The Joli Fou Formation 


The Joli Fou Formation (Wickenden, 1949) is an 
extensive dark grey fissile marine bentonitic shale with 
occasional siltstone and sandstone lenses. These sediments 
represent the first true marine deposits of the Colorado 
sea whose early onlap phases are expressed as various 
paralic basal Colorado sandstones known as the Cessford, 
St. Edouard and Colony sands in Alberta, the Spinney Hill 
elastics of west-central Saskatchewan, the Swan River Group 
of Manitoba and the Dakota Silt of Wyoming (Stelck, 1958; 
Stapp, 1967; Simpson, 1975). 


The Joli Fou Shale unconformably overlies the Grand 
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Rapids Formation and the Mannville Group in the noeehee conn 
and central to southeastern parts of the Province, respect- 
ively. It varies in thickness from 35 feet. (ll m) in the 
Lesser Slave Lake area to about 135 feet (41 m) at the out- 
crop of the stratotype section on the Athabasca River near 
Pelican Rapids. It thins gradually toward the west and 
finally grades into the continental Blairmore Group of the 
foothills region. In southern Ribertay the Formation becomes 
silty and sandy south of Township 20 and finally loses its 
lithologic identity in the lower parts of the Bow Island 
Formation (Glaister, 1959). 

In the subsurface as well as in outcrop sections the 
Formation carries the well known Haplophragmoides gigas 
foraminiferal assemblage near the base and the pelecypod 
Inoceramus comancheanus and I. bellvuensis qa little higher 
in the section. Biostratigraphic correlatives in Montana 
and Wyoming include the Skull Creek and Thermopolis 
Formations and the Kiowa Shale of Colorado and Kansas. The 
common occurrence of the Boreal affiliated #. gigas with the 
Gulfian migrant I. comancheanus in some of these formations 
Was WSsed as evidence that both seas merged toi form a con- 
tinuous seaway in the Interior Plains of North America at 
Eis tame: (Figure 4b), (Stelek? 19538,. 1975) Eicher, 1960; 
Willtams and» Steiek, 1975)... The, general) region of western 
Kansas, southern Colorado, northern New Mexico and south- 
eastern Utah has been suggested by Eicher (1960) and Kauffman 
(1973, 1977) as the transitional area of confluence of the 


two seas. 
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Joli Fou-Viking Contact 


The contact between the Joli Fou and the overlying 
Viking is commonly placed at the base of the lowest promi- 
nent sand or sandy shale, although the. lowest sand unit does 
not always occur at the same stratigraphic position. 

Some workers in Saskatchewan (Jones, 1961; Evans, 
1970; cia. 1975) have placed*a break at the base of the 
Viking, or in the: upper part of the Joli Fou Formation, 
based on physical evidence. However, foraminiferal bio- 
stratigraphic studies in Alberta by Bullock (1950) and in 
western Saskatchewan by North and Caldwell (1975) indicate 
that there is no significant faunal break before, during or 
after Viking deposition. Rather, the foraminiferal elements 
Of the Vrking care ta ccombind bignrotgrhose of the underlying 
Joli Fou and overlying Lloydminster shale. 

There is a consensus of opinion, however, that in 
parts of Montana, Wyoming, Colorado and the Dakotas, non- 
Marine conditions existed at the top of the Skull Creek- 
Thermopolis Shale, biostratigraphic equivalents of the Joli 
Fou Formationi«(Stapp p-)l964% Scott 219705 Retnert and Davies, 
1975; Berg, 1976). . However, Gopinath (1978) notes that in 
some other parts of these regions, the Thermopolis-—Muddy 


(=Viking) transition is conformable. 
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32 
Viking Formation 


The name Viking was used by Dowling, Slipper and 
MelLearn in 1919. It is thought that S.E. Slipper was the 
erst to-use the (term to designate the gas-producing Teser— 
voir sands of the Viking-Kinsella field of east-central 
Alberta. Although no specific holostratotype was designated, 
it is generally considered to be a subsurface section in 
this field near the town of viking (Norgaard, 1954). The 
formation is comparatively poorly.developed in this area. 

The Viking was initially classified as a Member of 
the Colorado Group athe 1954; Reasoner and Hunt, 1954; 
Gamell, 1955), but was later Paar to the rank of Formation 
by Magditch (1955) and ‘Stelck (1958). 

The formation consists predominantly of a series of 
fenticular “salt Mie Bates chert rich quartz sandstones 
with chert pebbles. Dark grey to grey siltstones, and 
bentonitic mudstones and shales are commonly interbedded in 
the sequence. 

Regionally the Viking thins toward the east and 
northeast. Near Calgary it attains a maximum thickness of 
200 feet (60 m), decreases to 100 feet (ie) m) , around 
Edmonton and to less than 40 feet (12 m) west of St. Paul. 
Beyond St. Paul (Township 58, Range 9W4M), it cannot be 
easily recognized in electric well logs as a sandy unit. 
Pius thickness distribution pattern has generally been taken 
to mean that the Viking or Joli Fou Sea regressed to the 


east and northeast, as the source area probably lay somewhere 
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to the west. This concept may have biased previous inter- 
pretations of the general depositional history. 

A pertinent textural observation was made by 
Roessingh (1959) who correctly noted that there is no 
regional pattern of grain size variation; rather, thick 
sand bodies have coarser sand than the more frequent thin 
sand layers, regardless of location. Boethling (1977a) also 
correctly observed that while the Formation thickens toward 
the west, the sand content actually decreases. However, 
these authors did not offer any explanations for these 
phenomena. The thickness distribution pattern of the 
Formation will be shown later to be dependent on an inter- 
play of basin configuration and depositional processes which 
shifted more or less systematically in time and space, 
probably in consonance with the tectonic activity going on 
in the west. 

South of Township 20, the Viking is not recognizably 
distinct from the underlying Joli Fou Shale, as the latter 
changes into dominantly silty and sandy shales and both 
formations grade into interbedded sandstones and shales of 
the Bow Island Formation. To the west, the Bow Island 
merges with the Mannyilie Group to form the Blairmore of the 
fooths. Lis (Glaister,,-19.59 »,Rudkin ofy:b964),; 

In the nartheastern and northwestern parts of 
Alberta, homotaxial sands are respectively known as the 
Pelican Formation and the Paddy Member of the Peace River 


Formation. In southeastern Saskatchewan and southwestern 


33 


“as08 did in ee lit vnc (pt ga 
ty *e aie, Panes _ : 
i ati Bey 


aes a ey 


Cd SCARSYHOts Sroer avy eis se seers) oved: 


sevauey | sebksise6 ; re vent fic. Acs beam, “oatd 
etek BO sma 2g Dace es | ae to he ‘ete. a 
Bat to! a So toe ee neers cet edt igh: 
Aqwitnt. ree toabsoned a ge eat “yee ad uw : 
Liver erie ones) fb arenk ie vane Nala As ‘patie! ives alee 4 
sonqga. BAS: anna “it We ee eS juniee gs Beet xo © . 


10 DROP jotar kg OB oFand aa: ait aw - seemge ROR | 


Ap y Y ' a 
1" ‘Par : oS 


a 


ae | 


simpooe4 dont Be Paes EV) 
Lit BE ‘ody oe 3 Death ti o's if 
nod, bie aa tnit tone tae oot: Listings cont 

to es ‘aked Bye aoray hun. paranoia eae obeig & 7 
ma bie a vee, eee bead pets al sok geniat a : F 
eusd " JO oe haha: noe bald ab fei ait ‘she 
| | me * SBMS is wales; sean, aaleng 
tO. 39 18g tesa deausyraan, find bide a8 cord was i 

at (28 oes _bavaareadiess. ore ‘phew pve 


ialpoedns siti ep bfemaeds she at bad — 


~~ 
+f 


Fai 2a wie cy baa 


34 


Manitoba, the Viking is stratigraphically equivalent to the 
Silt Member of the Ashville Formation. South of the 49th 
parallel, the Newcastle Sandstone of Montana and the 
Dakotas, and the Muddy Sendstonerat Montana and Wyoming are 
regarded as correlatives (Figure 8) (Berg and Davies, 1968; 
Rudkin, 1964; Simpson, 1975). 

Stetek) (19538) -déetermined *uhe age of the Viking For- 
mation as the base of the Upper Pibean Stage. An average 
radiometric age of 100 22 Ma obtained by Tizzard and 
Lerbekmo ibaa lucapercalehesanaraee ecnesit corresponds to 
the Upper Albian Stage of the Geologic Time Scale (Enysinga, 
O75 )f. 

Most workers place the top of the Viking Formation 
at the top of a black chert pebble horizon or pebbly chert 
sandstone which has been said to occupy a fairly constant 
Stratigraphic position. (Stelck, 1958; Glaister, 1958). 
Because of the presence of numerous chert pebble beds within 
and near the top of the Formation, the difficulty of corre- 
lating them even.in nearby wells, and their absence in some 
wells, Jones (1961) contended that the conglomerate beds are 
laterally restricted and do not present a consistent and 
reliable marker horizon in southwestern Saskatchewan. These 
observations and conclusions are consistent with those of 
the present writer. The stratigraphic distribution of the 
chert pebble beds appears to have been greatly influenced by 
the topography on the sea floor. Because these pebble beds 


cannot be reliably traced in electric well logs alone, in 
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this study the top of the Viking Formation is placed at the 
highest inflection point of the spontaneous potential or 


Kesistivity log, indicating the top of .the highest ‘sand unit. 
Lloydminster Shale 


The Viking Formation is overlain by a dark marine 
shale variously referred to as the Upper Shale of the Lower 
Colorado Group (Norgaard, 1954), the Mowry Shale (Koldjick, 
1976), or the Lloydminster Shale (Tizzard and Lerbekmo, 
1975). The latter designation is preferred and used here 
as the unit is best developed around the town of Llovdmin- 
eeer. it is 200 feet (61 m)°thick’ in this area and thins 
to 30 feet (9.0 m) west of Calgary. 

The Formation bears the important Miliammina 
manitobensis foraminiferal assemblage indicative of the 
second major flooding of the Colorado sea, which covered 
the Viking shoreline and offshore seguences. The extent of 
this sea is inferred as Figure 4c. The biostratigraphic 
equivalents of the Lloydminster Shale include the Shell 


Creek and Mowry Shales of Montana and Wyoming. 
Base of the Fish Scales 


The Fish Scales Sandstone caps the above unit and 
terminates Lower Cretaceous sedimentation in a major portion 
of the Western Canadian Interior Plains. It is poorly 
sorted, light-colored, and has been described locally as 


subquartzose, cherty-quartz, and "salt and pepper" sandstone. 
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The upper part is shaly and contains light-colored chitinous 
mPemains’ Or fish scales which are recognized as far north as 
Fort Nelson. The base of the Fish Scales marker is the base 
of this fossiliferous unit. It attains a maximum thickness 
of 30 feet (9.0 m) in central Alberta, and is widely recog- 
nized in the subsurface and in outcrops in much of Western 
Canada. 

In northeastern British Columbia where this marker 
bed is absent, beds containing the Late Albian index 
ammonite Neogastroplites are used to delineate the Lower- 


Upper Cretaceous boundary. 
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CHAPTER IV 


CHRONOSTRATIGRAPHY OF THE VIKING FORMATION 


Published studies of the Viking Formation usually 
mention the occurrence of Pen tentees and/or bentonitic shales. 
However, only a few workers eek cennced detailed local 
electric well log correlation of these beds, in spite of 
their time-stratigraphic significance, If their areal dis- 
tributions are widespread and correlatable, time planes can 
be established which will facilitate interpretation of the 
epesi tions) history of the Formation. 

Roessingh (1959) noted the presence of a bentonite 
horizon in approximately the same stratigraphic position, 
relative to the top of the Viking, in well Parkland 
4-12-15-27W4M and in a Grassy Island Lake well in Township 
32, Range 7W4M in south-central Alberta. He used this rela- 
tionship to interpret the Viking sands of central Alberta as 
non-diachronous. 

Jones (1961) observed and correlated in some detail 
two bentonitic shales within the Viking Formation, and a 
linch (2.5 cm) .bentonite bed slightly above the Formation in 
southwestern Saskatchewan. The latter bed, designated bed 3, 
and located at the top of the Viking in Husky Phillips 
Prelate well 11-28-23-25W3M, was correlated to a * inch 


(1.3 cm) bentonite located in shale two feet (0.6 m) above 
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the Viking in well Impertal Marengo 11-21-29-27W3M. He used 
the two-foot difference in shale thickness between the two 
wells 38 miles (61 km) apart in a north-northwest direction 
to conclude that the Viking is slightly diachronous nearly 
parallel to the paleo-strandline, and that one would expect 
greater diachronism.at.right angles to the shifting strand- 


line. 


Evans (1970) correlated two bentonitic shales, desig- 
nated "MN" and "K", located within Townships 32 and 30, 
Ranges 26 to 28 W3M in southwestern Saskatchewan. Using 
these bentontic shales, he interpreted an imbricate linear 
arrangement and southeastern diachronism of the Viking 
sandbodies in the Dodsland-Hoosier area of southwestern 
Saskatchewan. 

Tizzard and Lerbekmo (1975) noted the presence of 
several bentonite horizons in the Suffield area (Townships 
19 to 26, Ranges 1 to 16 W4M) of Alberta. They correlated 
one of them, a coarse bliotite-rich bentonite 6 -.12 inch 
(15 -30 am) thick and established a time datum for the 
Viking in this area. They used this chrono-horizon to 
deduce a slight northeasterly diachronism for the Viking 
sands of the area. 

Although interpretation of the depositional history 
of the Formation, based on these bentonites, has varied, 
these studies indicated the occurrence of more than one 
bentonite bed in the Formation. Thus, the need for a 


regional study to identify and establish the geographic 
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distributions of the Viking bentonites was Drought to. bight: 
An attack on this problem was made by Amajor (1977). A 
maximum of eight bentonite beds was observed in core from 
the Viking Formation in one well in conrad Alberta. A con- 
Siderable areal extent for three was established by log and 
chemical correlation methods. They were informally desig- 
mated “E", “C” andi "A= inuascending order of Occurrence. 
Another bentonite, designated ho, was observed above the top 
of the Formation in the course of the present study. Figure 
9 shows the approximate relative stratigraphic positions of 
these bentonite horizons. A brief account of them is 
included here because they ener ctte the time-framework 


of the Viking Formation utilized in the present study. 
Bentonite E 


This *cearse- grained, Diotite-rich bentonite is 
located at a depth of 2907 feet (886 m) and occurs at the 
base of the lowest prominent thin sandstone in the type 
well Ponderay et.al. Youngstown 12-19-31-9W4M. Its thick- 
ness is greater than 60 cm. Log and chemical correlations 
indicate that it extends at least from Township 52 south to 
Township 23 and between Ranges 5 and 28 W4M. oa was used to 
mark the beginning of Viking time in most parts of the study 


area. 
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Schematic terminology diagram for the Viking Formation of 


Figure 9. 
East-Central Alberta. 
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Bentonite C 


This is a medium grained biotite-rich bentonite 
which occurs at a depth of 3455 feet (1053 m) in the type 
well Ceja P.C.P. Leo 6-21-36-17W4M. It is 30 cm thick and 
lies in muddy sand at the base of a sand unit approximately 
35 feet (10.7 m) above the E bentonite horizon. The C 
bentonite,ties-at.the base ,of-the.Joarcam reservoir sand. 
Figure 10 shows that this bentonite is probably correlative 
with the K bentonitic shale of Evans (1970). A lower ben- 
tonite designated D (Amajor, 1977) may correlate with Evans' 
MN bentonitic shale. If the C to K correlation is correct, 
bentonite C covered the entire region bound by Townships 23 
Bnd eS3+ and Ranges 10 and 25 W4M, plus parts of western 
Saskatchewan. The identities of wells used in Figure 10 are 


in Appendix Ia. 
Bentonite A 


This is another coarse grained biotite-rich bento- 
nite. It is 30 cm thick in the type well Mobil Matziwin 
11-23-23-14W4M (Tizzard and Lerbekmo, 1975; and Amajor, 
LIF] hewelt occuss,at-a,depth poh +264: +feet .( 806.21), where 
it is intercalated in a mudstone unit between a lower and an 
upper sandbody. In this well, it is 32 feet (9.7 m) above 
the: top of the lower sand, and about 90 feet (27.4 m) above 
the E bentonite horizon. Generally it is identifiable in 
electric well logs and cores located within Townships 21 to 


35, Ranges 6 to 24 W4M. 
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Bentonite Ao 


This bentonite is greyish-white and very fine 
grained. In cores of the type well Banff et al. Matziwin 
11-4-23-14W4M, it is 37 cm thick, and occurs at a depth of 
2582 feet (787 m), which is 16 feet (4.9 m) ahove the top of 
the Viking. In cores from wells Mobil C.P.R. Hutton 
3-19-24-15W4M and H.B. Cessford 14-26-25-12W4M, it has 
thinned to 30 cm. In the latter well, it is about 70 feet 
(22.9 m) above bentonite A; the stratigraphic position is 
shown in Figure ll. Based on its seemingly distinct electric: 
well log signature, Ao appears restricted to within 
Townships 20 to 27, Ranges 10 to 22 W4M. The identities of 
wells in Figure 1l are in Appendix Ib. 

In summary, bentonites Ao and A are geographically 
eer ected to the southern part of the study eeu while > 
bentonite C is restricted in occurrence to the north. 
Bentonite E extends across the whole region, providing a 
link between the other two areas. Thus, a transitional 
area exists in which the three or four bentonite horizons 
overlap in space and can be reliably picked in cores and 
well logs. For instance, in well Westcoast Sulpetro Smore 
10-13-30-11W4M, bentonites E, C, and A were all observed in 
core. 

The regional distribution of these bentonites, 
coupled with their stratigraphic positions, permitted a 
general subdivision of the Viking Formation into three 


fairly distinctive chrono-intervals. These are informally 
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designated Basal, Lower and Upper, The Basal ehuonastntiéus 
val lies between bentonites E and C;. the Lower, between C 
and A; while the Upper refers to that portion of the Forma- 
tion above bentonite he or between bentonites A and Ao if 
the latter is present. In the latter, however, the upper- 
most 10 to 15 feet (3.1 to 4.6 m) represents the basal 
section of the Lloydminster Shales These isochronous inter- 
vals are shown in Figure pat The well identities are in 
Appendix Ic. 

This chronostratigraphic framework is the foundation 
of the present study, as representative sandbodies in each 
time interval were correlated and mapped, and the results 
integrated into a detailed sedimentological study of the 
probable sediment dispersal patterns and mechanisms during 
Viking and deposition. 

General Sandstone Nomenclature 
and Terminology 

The letters B, Lo and U, denoting Basal, Lower and 
Upper, respectively, were used to asSign sandbodies to their 
respective chronostratigraphic units. Discrete sandbodies 
within each time interval were further differentiated either 
by an attached numerical subscript (e.g., Ii, La), or were 
designated by the first letter of their geographic locations 
and subscripted with numerals, (e.g., BPi = Basal Provost 
number one; UE2 = Upper Bastern number two). The latter 
scheme was used mostly for those time intervals in which 


sand development was localized in several geographic areas. 
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The assignment of numerical subscripts was either according 
to stratigraphic position, or was simply for convenience of 
discussion in cases where many sand units formed at the same 
time. 

The terms sand-ridge, swale, and sand-ridge complex 
are used by some workers for storm and tide generated depo- 
sitional topographic features (ridge-high, swale-low) on 
present-day continental shelves (Swift et al., 1974; Houbolt, 
UIGS.- OLf, 1963) : 

Usage of these terms ty this text follows the above 
because the Viking sandbodies studied are considered to be 
morphologically and possibly genetically Similar to those of 
the Recent Epoch. However, the ridge and swale topography that may 
have existed during deposition was later highly subdued, 
partly as a result of sand-ridges coalescing, intergrading 
and overlapping, and partly due to post-depositional changes 


such as compaction. 
Order of Discussion 


The chronostratigraphic units and their sand members 
are discussed in stratigraphic order. Where sandbodies are 
chronotaxial they are treated in stich a way as to best por- 
tray their lateral relationships and arrangement patterns. 

Although a stratigraphic cross-section will often 
show all Viking sands in a given area, discussion is con- 
fined, as much as possible, to the specific sandbody deve- 


loped within the specified time under discussion. 
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rather than including all the said units in the section. 
Although this means that a stratigraphic cross-section may 
be referred to several eee the writer believes that it 
makes for a more understandable treatment of the depositional 


behaviour of the many Viking sandbodies in time and space. 


Legend for vertical facies models, cross-sections 


and fence diagrams is generalized and listed in Appendix VI. 
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CHAPTER V 


SANDSTONES. OF THE BASAL 
CHRONOSTRATIGRAPHIC UNIT 


Sand units interpreted to be deposited during this 
time interval include the reservoir sands of the Hamilton 
Lake, Provost and Beaverhill Lake areas of Alberta, and the 


Dodsland-Hoosier areas of southwestern Saskatchewan. 
A. Hamilton Lake Sand Units 


Two laterally distinct thin sand units were partly 


mapped (Figure 13) and identified as By and Bo- 
The B) Sand Unit 


The yB) reservoir sandstones gocally reférred to 
as the Hamilton Lake ‘A" or the Provost Viking 'C' oil pool 
(ALhO etait 71977) <6) Theesand unit. 2s distributed swithin 
the general area roughly bound by Townships 29 and 36, 
Ranges 5 and 19 W4M. However, it extends further to the 
northwest to Township 45, Range 28W4M in linear chain-like 
fashion. It is therefore more than 130 miles (209 km) long 
and approximately 30 miles (48 km) wide. A maximum thick- 
ness of 22 feet (6.7 m) is attained around Township 31, 
Ranges 10 and 11 W4M. The unit is asymmetric in plan view 


with a steep southwest and a gentle northeast flank. The 
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axis of maximum development trends approximately N450w. 
Hitherto, only the net reservoir sandstone isopach map has 


been published. 
The B2 Muddy Sand Unit 


This poorly developed very thin shaly sand unit is 
located northeast of the B] unit within Townships 36 and 37, 
Ranges 7 to 10 W4M. It appears to extend to Township 38, 
Range 11W4M in the northwest. It is more than 20 miles 
(32 km) long, strikes northwest-southeast, and is about 
Six miles (9.7 km) wide. A maximum thickness of 12 feet 
(3.7 m) is attained in Township 37, Range 9W4M. This unit 
is presently uneconomic. It was not studied in detail but 
is included here to show its lateral relations to the B] and 
Ene Provost, sand units, in orden, to generate a better 
picture of the prevalent paleoenvironmental conditions at 
that time. 

The B> send unit is laterally separated from the By 
unit by an area of no sand deposition referred to as the 
B1}B2 swale. It occurs between Townships 33 and 37, Ranges 
6 to 13) W4M “(Figure 13). B2 is roughly 10 miles (16 km) 
wide and appears to continue northwest and southeast of the 


map area. 
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Cross-Sections 


Three stratigraphic cross-sections were constructed 
perpendicular to the depositional strike of the By] unit with 
bentonite E as datum. Two of these transect the Bg unit. 
The locations of the lines of section are shown in Figure 14, 
while well identities are given in Appendix Id. 

Section D - D! (Figures 15, 18a) crosses the south- 
Gastern part of. the B, sand unit from Township 29, Range 9 
to Township 35, Range 3W4M. Bentonites E and C are well 
correlated from wells 1 to 12, and 1 to 6, respectively. 
Northeast of these wells their respective positions are not 
as certain but are reasonably inferred. Most importantly, 
the relative position of the Basal chrono-interval is best 
defined by wells 1 to 6. 

The7By unit jis correlated. between wells 3 and 11, 
and appears to lie conformably on the Joli Fou Shales. It 
grades into sandy mudstone in well 5 and shales out before 
reaching well 1 to the southwest. Its northeastern edge 
pinches out yates abruptly immediately beyond well ll. 

In the latter well the unit appears to be lower in the 
section suggesting, tentatively, that the unit may have 
shifted toward the southwest. The B]B2 swale appears in 
well 12. In general the unit is relatively poorly developed 
in this cross-section. Later, clean thick sand development 
occurs southwest of well 7. 


Section E-E" (Figures 16, 18b) bisects the central 
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part of the B, sand unit and the southeastern portion of the 
B9 unit. It trends southwest-northeast from Township 31, 
Range 13W4M to Township 37, Range 6W4M. Bentonite E is the 
datum and is fairly well correlated throughout the section 
except between wells 10 and 13, where it is interpreted to 
have fallen on a sandy bottom. On the other hand, the posi- 
tion of bentonite C is uncertain northeast of well 5. 

The B) sand unit overlies the Joli Fou conformably 
between wells 3 and 14. The southwestern edge shales out 
southwest of well 3, whereas the northeastern margin thins 
and pinches out rather abruptly immediately beyond well 13. 
Although the resistivity curve of this unit indicates a 
maximum thickness of the unit near wells 4 and 8, the spon- 
taneous potential curves indicate the sand content of the 
axis (wells 5 and 6) and the southwestern flank to be com- 
paratively less than that of the northeastern part. When 
this observation is integrated with the interpreted rela- 
tionship of bentonite E to this sand body , it indicates a 
southwesterly direction of B} migration. At the north- 
eastern edge of the By] unit (wells 12 and 13), a probably 
Giscontinuous very thin sand unit occurs approximately two 
feet (0.6 m) and six feet (2.0 m) above the By, sand in 
wells 12 and 13, respectively, indicating a northeasterly 
shift of this.unit. Well 14 is located.on the. B,B 9 swale. 

The southeastern end of the By sand unit (wells 15 
to 21) flanks the northeastern margin of the swale. Ben- 


tonite E is intercalated in this shaly and/or muddy sand. 


aa 


} 


May oe Ee oe ash tis a wie Pat #5, 92309) Liaw pte 
baker weit Me PE ve ode ek one oe Sit 


U 
“eh 


mint ee (8 ghtaawon es 


teoy. ait Ted ath eat stad pont 
4 


Lae Shay. de 9 near i bsicbecatecatdas ab Sh 


. r e ink i i” ¥ 7 
Slag Dorel ag dod a oT aaa Alderete seit 5 80% 


rier ints . ice .. ee preire wa 
‘a ea8 i @i few .eeg Stoo es 


‘?¢ RO tion Iepe me? steak bas 
“Oo ed tv scloet>. eed aoe ty ia @ ancy Ms vse 
Rew Sgt BE | Te ee St feats 4 tO ent, io Pe aa ants evelly 

Hod enwiec ee BaF te ty bod bapeaak: at Hak ds 
oes thee? 40. vee bin ne whetd og 2 siesta 7 
bolt 24 .2otdene iin 28 tc trot $094 sath eaise ow 7 
ingord mi: , (EL Brom Od ei.Law) Lev re as ae oseee 
ih Ve aimee Ggs a1 ide av oy base, oid? vosy auoun, 
it, Peete ct wat ovodis (1°00 vo) tot xie Bind (at Bail | 
ue | 
Yitedeeetrsod 2 piitsoh fet thevitoggees GL bas ‘ae é 

ad | | aL e 

o Gi pews ae A ae 3 io Pe trot Re wo Fruity ~ ft hrs pitts 33 
us 7 

y a 

i a a + Ete bine is. yet hate] bri’ Rta asad tvor. eit ws 7 Vio. , 
| 7 ae ja 

~fed. ,eisen 64% Fa sah ales cvves tent 208 sie axnale 4 awe) ti 


as 
eine Ybbiu7 eq | Rethey RATA ‘al acted Be ae. q 


es 7 el Ly 
i i ~ $ ! es at 2 eS 
; ot ‘ties hy en 
i J Vee | : ! j ; rs A 
* j } , ae i 


Both sand units, B} and Bz, can be seen to be isochronous. 
Note the later development of thicker sand units southwest 
of well 5, and a thin sand northeast of well 13. 

Section Poo pa taires 17, 18c) trends southwest- 
northeast from Township 33, Range 16W4M through the north- 
western margins of By, and Bg to Township 38, Range 9W4M; 
bentonite E is the datum. It is fairly well established 
between wells 1 and 6, and from 14 to 16. It must have 
fallen on an agitated bottom between wells 7 and 13. 
Bentonite C cannot be reliably correlated in this section. 

The B, unit is recognized between wells 2 and 1l. 
The gradational transition from sand to mudstone and 
finally to shale, typical of the southwestern flank, occurs 
between wells 5 and 1. This contrasts with the relatively 
cleaner sand of the northeastern edge, which pinches out 
rather abruptly beyond weil 11 after a localized thickening 
around wells 9 and 10. Another local thin sand unit above 
the B] sand,occurs between wells 6: and 1l. Inthe former 
well it is approximately 4 feet (1.2 m) above the B, unit, 
whereas in well 10 it is about 8 feet (2.4 m), and in well 
ll it is 6 feet (2.0 m) above. It also thickens and thins 
locally. 

Wells j12 and 13 are located.in the-B)B 7.swale.+)In 
these wells, particularly well 13, there appears to be a 
boss.of «about 2. to ,5.t eet. (0.8 5a0l. 59m) .0o8 upper. Joli-Rou 
section at the base of the Viking, as the Joli Fou interval 
is relatively thinner in these wells. The Viking interval 


is comparatively thinner as well, suggesting that there may 
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have been no deposition in the area of these wells during 
the early part of Viking time. 

The Bz unit at the base of the Formation in wells 
44 -Coml3.<Ls er muddy. Later sand development to the north 
east of well 13 continued to be very sparse, whereas, to the 
southwest of well 12,sands became cleaner and relatively 
thicker. The stratigraphic relations of the Viking sand- 


POodles ine the above sections are Sketched=in’ Figure 18. 
Fence Diagram 


Figure 19{a,b) are fence diagrams of the Viking 
sandbodies within Townships 30 to 37, Ranges 1 to 19 Ww4M,. 
They show the three dimensional picture of Viking deposition 
in the area. Figure 19a covers the area defined by 
Townships 30 to 37, Ranges 1 to 9 W4M. The northeastern 
pinchout edge of the B] unit occurs between the following 
wellsm@aa tO 25, 34°to.-35, 67 itoncl, 698" to 69,° 82 to-84, 83 
to -@4¥and 88 to 110.) Well 109 is located inthe B)B2 swale, 
which also occurs between wells 88 and lll. The Bz unit 
shows up in wells 111 and 112. 

Figure 19b is a westerly continuation of the pre- 
vious diagram from Ranges 9 to 19 W4M. It shows how the By 
sand unit shales out to the southwest, pinches out to the 
northeast, and has a northwesterly extension beyond the 
limits of the diagrams eewellsHlos, abssrand<139 are located 
in the northwestern extension of the B,B 2 swale. 


To avoid crowding the diagram, the bentonites have 


1! ae 


‘este: at te euaiis ' sons 


ae i 
my ace 
b ay 
vn 
7 


(i; 


ag 


yee a a ‘ea. 08 ots ao Sh (yee ey ve es OF WS 


« DA Bre 


ete 


{ 


olka 


saldpaesh ah ‘gp box bail pai 


uae 


wa gotahy wae ti Raeteid tates: ‘bisttyssipt dines at 


SHENLEY edt Ve ertie aria vi ote. tiyader “att yi 
Bien Q si) doa + AL ) ‘wae aged ‘Leniokiiy 9 
Ltenhiey antl ate ew, ¢ oe” ‘© ae ote 4 : t Eo ot 


ed” Se aes fal that ue aw mgawded: atone amie 


q og wit awit att Bay RE er ¥ dipenes mors noxgeih @ 


aia ecient aby jie % 
ae eh a ‘By .: 6h beet at ‘si ian et | 
owe pos abies “wedpielbad ‘eft Su- ir hl 


lly chine 


teehee: tee eagi pe > a ae 3a. evorts a 


wr . Wile ul ne 
: erat dike ; tom ry a ee ee 
rs ne abot i ‘ 


¢ 


Qn eb dg “a inane es ie oe eee + bite § 2 


© 


ep) pete si pai ay i ite eee inet | a 


we Ces 7 stay ito etniene "oie, ie oat ‘20 oube al 


6 the ry ; i 


‘ oy Loe 


ve a ak renee Hat nid eo La “OSL bo oa bf mi: 


ivan) 7 re ons (ot eile id’ ‘a 


ie. 8 Hsia tied.’ ved vote eh weL eiepit© <a 


oh’ ue aniibingt  doountdtioe ous wi tum setae “inn & 
‘Bieres ial nist salle iia e5n bam rr 


ns sie ir) * 
i pe ‘ag 
mane kts ait to @ xf _ r 


ite oa 


z ee. : 
weal Ene ae <eieiele ve: a) i? -pntawets: Stove or Vt 
i at ie it niente! 2 Cah ase 

Ke. iv ‘ rte - 
Sill =) via 


oD 


Cc) 


Figure 18 - Generalized sketch of gross sand distribution in cross-sections 
1 (See fig. 14 for location) : 
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not been shown, but the trend of bentonite E in a southwest- 


northeast direction is most reliably followed in well suc- 


Cession FS ebor4 5a tOn4 8s to.00,<and.16 ;t0') 42° toxn4lL. to. 39. to 


38 
in 
OF 


to 


in 


to 65. The bentonite may have fallen on a sandy bottom 
the northeast, which supports a southwesterly direction 
migration of the By, unit. The identities of wells used 


construct the diagram are listed in Appendix IIa. 
Core Analysis 


Cores from the B] reservoir sandstone were studied 


nine wells located in Figure 14; the detailed core des- 


criptions are given in Appendix IIIa. The internal 


characteristics of this unit are treated in a generalized 


discussion of Viking lithofacies in Chapter VIII. However, 


some observations will be made here: 


et 


The northeast flank of this sand unit was observed to 

be thinner and Pee coarser and cleaner than the 
axial zone and the southwestern flank, which are 
thicker, finer, more shaly and more muddy. 

A black fissile clay shale was found to cap this sand 
sharply in places. In wells 6-26-34-7 and 7-14-34-7W4M, 
it is respectively 4.5 feet (124 m) and 7.5 feet (2.3 m) 
thick. In the latter well the shale is silty. 

A pebbly sand lens containing mainly black chert pebbles 
up to (1.2 cm) in longest dimensionoccurs within the above i 
shale. The lens is located about 2.5 feet (0.8 m), and 


5 feet (1.5 m), respectively, above the top of the By 
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unit in the same two wells. These wells are situated 
near the eastern margin of the By sand unit. Although 
the dark fissile shale was observed in other wells it 
bears no pebbly sand lens where seen elsewhere. 

4. In well 7-14-34-7W4M, a 3 inch (7.5 cm) coarse, biotite 
rich bentonite was observed very near the base of the 
overlying black shale. This bentonite is thought to be 
the E bentonite, although it is considerably thinner 


here. 
B. The Provost Sand Units 


Localized multiple sand development characterizes 
the Basal chronostratigraphic unit in the Provost area. 
Although bentonites E and C cannot be reliably picked in the 
electric well logs of the area, the stratigraphic positions 
and lateral relationships of these sandbodies to the Bj and 
By sandstones place them in this time interval. Some of 
these sand units act as reservoir for oil but they are 


mainly gas-bearing. 
Isopach Map 


A composite isopachous map of these sands is shown 
in Figure 20. The general poor sand development in the area, 
lateral restriction of the sandbodies, inadequate well con- 
trol and poor electric log resolution in most places were 
some of the adverse factors which had to be contended with 


in preparation of the map. Thus, it gives only a general 
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indication of the thickness distribution of the Formation 
in the area, and the geometric configuration of individual 
sand bodies is not portrayed. However, as far as possible, 
they were differentiated and correlated in the cross- 
sections and fence diagrams. 

The isopach map shows the Provost Viking sands to be 
slightly “displaced to! the east of “the By, ‘unit. They occupy 
the general area bound by Townships 34 and 39, and Ranges 1 
and 12 W4M. This sand unit also extends into western 
Saskatchewan, but there it is very thin and poorly developed. 
A maximum thickness of about 32 feet (9.8 m) is developed 
around Township 35, Range 7W4M. The sandy area is slightly 
more than 66 miles (106 km) long and is about 30 miles 
(48 km) wide. Pronounced isopach noses are confined to the 
eastern and western margins of the map and may in part repre- 
sent the margins of discrete sandbodies. The western nose 
is constricted within the B|1B2 swale around Township 36, 
Ranges 9 to 12 W4M. 

In cross-sections and fence diagrams, recognizable 
discrete sand units were designated BP), BP2 and BP3 accord- 


ing to stratigraphic poSitions 
Cross-Sections 


Six closely spaced stratigraphic cross-sections 
utilizing the top of the Formation as datum were used to 
diagnose this area in an attempt to unravel the rather com- 


plex depositional pattern of these sandbodies. The section 
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locations are shown in Figure 20(a,b). The identities of 
wells used in the cross-sections are given in Appendix Ie. 

Section G-G' (Figs. 21,27a) is a southwest-northeast 
section from Township 34, Range 7W4M to Township 38, Range 
3W4M. 

The thin sand unit at the base of the Formation in 
wells 1 and 2, which pinches out before well 3, is the B] 
unit. It is overlapped by the BP] unit, best developed in 
wells 3 and 4. An intergradational area in wells 5 and 6 
separates the latter sand unit laterally from the BP2 sand 
unit to the northeast (wells 7 to 9). The basal contact of 
the BP> unit, as interpreted from the electric well logs, 
is sharp in wells 8 and 9, becoming gradational to the 
southwest (well 7). The BP3 sand unit, which is slightly 
higher in the section, appears in well 10 and extends to 
the northeast up to and including well 16. The spontaneous 
potential curve displays characteristic sharp lower and 
gradational upper contacts. The lateral relationship with 
the BP> unit, 2S not, ObVIOUusS Ln iehis. ane vof section, 
probably due to the low borehole density in the area. 

Section H-H' (Figs. 22,27a) trends southwest-northeast 
from Township 35, Range 7W4M to Township 36, Range 5W4M. It 
is about 3 miles (4.8 km) northwest of section G-G'. The 
lowest sands in the section are the B) (well 1) and another 
very thin unit in well 7 designated Bjq. . The former pinches 
out before well 2. The poorly developed BP} unit in well 2 


is stratigraphically lower but appears to override the By, 
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unit to the southwest. Well 2 is located in the southeastern 
extension of the B|]B ) swale very close to the Nodtiiedee 
pinch-out edge of the B] unit (well 1). The very low stra- 
tigraphic position of BP, and its relation to By, may be 
evidence that the B,}Bz swale was scoured in this area. The 
BP2 sand unit is best traced from wells 4 to 6. Maximum 
thickness development is in well 5. Et*thins rapidly toward 
well 7, where it overlies the very thin Bj, unit, and pinches 
out: before*reaching ‘wells. “The BP, “unit “in ‘well 8 -is<well 
developed and higher in the section. It overrides the BP? 
and@BPy units? in “wells *7? and 2 -respectively in’a south- 
westerly direction. 

In this cross-section, the lateral relationship of 
BP} to BP» sandbodies is not very clear. It appears as if 
the BP] unit in well 2 is the mudstone-siltstone facies of 
the BP> unit to the northeast. However, the writer feels 
that well 2 probably represents the northwestern margin or 
edge of the BP} unit and that the two sand units may 
laterally coalesce in this area. This interpretation is 
basedon “the: fact-that, the BP) ani ard its “latera Wrela- 
tions with the BPz are better defined in the previous cross- 
section (Figure 21). More well control is needed for 
better resolution of the lateral relations. This could be 
important because this sandbody (BP}) is one of the few oil 
reservoirs in the Viking of the Provost area. 

Séction T-E“tFigs. 23,/27a)*1s-ortented southwesit= 


northeast from Township 35, Range 8W4M to Township 37, 
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Range 6W4M, and is roughly 3 miles (4.8 km) to the northwest 
of section H-H'. The basal sand units in wells 1 and 2 and 
welingvare) respectively the By and the very thin B2, 
observed in section H-H'; Bg, was observed only in these 2 
wells. It is interpreted as chronotaxial to the B] and By 
sand units. However, it is slightly displaced to the south- 
east of the eines unit and may be laterally distinct from 
aes 

The BP; is thought to pinch out southwest of this 
section. However, its thin northwestern edge is just recog- 
nizable at the base of wells 3 and 4. The BP 9 unit attains 
its thickest development in wells 5 and 6. It overlaps the 
By to the southwest in wells 1 and 2, shaling out in that 
direction. It thins to the northeast (well 8) and pinches 
out before well 9. Careful examination of the logs of wells 
5 and 6 shows the BP2 unit to be lower in the section in 
wells) v6 Gt Sys theleoitha Vbourh wWeetcl3.0i_m)ofi Upper Joli 
Fou section may be missing at the base of the Viking in this 
wellia which is located in the B)B> swale but near the south- 
eastern edge of the B2 unit. The missing section would be 
further jevidence of, scouring in. the)'B)B5)‘swale.. . However, 
subdued and incomplete electric log* response in the lower 
part of the Joli Fou section inhibits assessment of the true 
nature of the Viking-Joli Fou contact in the general Provost 
area. The BP3 unit, best developed in wells 9 and 10, caps 
the BPy in this section. Erratic thickening and thinning of 


the BP3 is probably related to the topography of the 
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underlying BP2 sand. The BP3 apparently thickens (wells 2 
po 2nandooytosd)) wherei the BP) istthinyandothinse (welissS~to 
eumwhererthe BPoaus thick. 

Section J-J" (Figs. 24,27b) is also oriented southwest- 
northeast from Township 35, Range 9 to Township 36, Range 
7W4M. This section best demonstrates the vertical strati- 
praphichrelatzonship.of+ the BPpstoithe BPS Sandiunit. 

The Bj and By sandbodies are correlated at the base 
of the section in wells 1, 2 and 9. They are immediately 
overlain by the BP z unit, which attains maximum development 
in wells 6 and 7. This sand thins and shales out to the 
southwest before reaching well 1 and to the northeast beyond 
well 9. The best development of this unit is within the 
general area of the B,B2 swale.’ The BP3 sandstone, in turn, 
overlies. the BP7. Maximum development is in the area of 
wells 4 and 5 on the southwestern flank of the underlying 
BEjiunie.thin general, re iealies of section demonstrates 
fairly well the independent existence of the BP2 and BP3 
sands. 

Section K-K' (Figs. 25,27b) runs south to north from 
Townships 33 to 38, Range 7W4M. The lowest Viking units are 
thesB] and B>, restricted respectively to the bottom of 
wells 1.toe5;candilictoe! 15<iaThennorthernsmargin of the vwBPy; 
unit is poorly developed in well 6. It is thought to over- 
ride the B, sand in a southwesterly direction. An inter- 
ridge area where the BP; and BP2 coalesce may exist between 


wells 6 and 7. The latter unit attains maximum development 
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in wells 9 and 10 and thins toward the southwest.to well 7. 
To the northeast, it thins very rapidly above the B2 sand- 
body in well 10 and pinches out prior to reaching well 13. 
The BP3 sandbody in wells 13 to 16 overrides the BP> sand- 
stone in a southwesterly direction from well 12 up to well 
6 and shales out beyond the latter well. It is seen to thin 
where the underlying BP2 unit is thick and thickens where 
the BP>-is thin. 

Section L-L‘* (Figure 26) trends west-east along 
Township 35 from Ranges 2 to 5 W4M. It is included here to 
show the uneguivocal loss of upper Joli Fou section at the 
base of the Viking. A comparative examination of the 
electric well log curves of wells 2, 3 and 4 indicates that 
about 14 feet (4.3 m) of upper Joli Fou section is missing 
at the base of the Viking in well 3. The similarity of the 
electric log curves of the Formation in these wells may 
indicate that the section has occurred prior to the deposi- 
tion of Viking muddy sands in the area. The area lies on 
the southeastern extension of the B]B>2 swale. The north- 
eastern wells in section D-D' (Figure 15) also show the very 
poor Viking sand development east of the general Provost 
area. 

The depositional relationships described in Figures 


21 to 25 are sketched and shown in Figure 27(a,b). 
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Figure 27a. 


Generalized sketch of gross: sand distribution in 
cross-sections (see fig. 20a for location): 

a) G-G' 

b) H-H' 
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a) 


Figure 270. Generalized sketch of gross sand distribution in 
cross-sections (see figs. 20a & b for location): 
ay es) 

b) K-K’ 
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Fence Diagram 


The Viking thin sands in Figure 19a include the 
BP], BP2, BP3 and an extension of Evans' (1970) 'O'" sand 
member into Alberta. The BP] unit can be seen to shale out 
to the northeast between wells 116 and 118, 120 and 121, 
and 120 and 122, while the BP2 pinches out between wells 
MO eande7T7:, “Si. 72.ande7s to ,the noetheade and between wells 
32 and 70, 34 and 69, 67 and 68, and 82 and 84, to the 
southwest. The BP3 unit overlaps the latter and terminates 
Viking sand deposition in most parts of the area. The BP} 
and ‘BP? units overlap the northeastern edge’of the /B) 
sandbody in turn in wells 68, 84, 87 and 88, while B92 is 
overlapped by BP9 in wells 111 and 112. In general, the 
diagram shows the localized nature and weakly defined NW/SE 
trend of these sands. 

Poor sand development characterizes the eastern and 
southeasterly parts of the diagram (e.g., wells 2, 3, 4, 5, 
26, 27) except for the Alberta extension of the 'O' sand 
member of the Dodsland-Hoosier area of southwestern 
Saskatchewan in well 28. The correlation shows the time of 
formation of this unit to be within the Basal chrono inter- 


val, probably the earliest part of the interval. 
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Core Analysis 


Well Fina Provost 10-9-36-7W4M, which supposedly 
cored through the BP2 and BP3 units, was found to have only 
the upper 4 feet (1.2 m) of the BP3 sandbody in core boxes; 
the rest of the cores were missing. The description of this 
short core is in Appendix IIIb. No other cores from this 
area were studied. However, Thomas (1977) noted that the 
Viking cores from wells 13-12-36-5W4M and 16-17-36-3W4M in 
the Provost area display a fining upward textural gradient 
with sharp basal contacts. Although he did not differen- 
tiate the sandbodies, it is now known that the cores were 
mecovered from the BP> and BPs units, respectively. © On the 
basis of the fining upward sequence, Thomas interpreted 
these sands as transgressive. To the present writer, the 
observed scours and/or channels, the sharp lower and grada- 
tional upper contacts inferred from most spontaneous poten- 
tial curves, the fining upward textural gradient in cores, 
the lateral restriction of these sandbodies, and their 
northwest extension into the B)]B9 swale, coupled with the 
apparent topographic control of BP 2 on the distribution of 
BP3, favour an interpretation of channelized and channel 
fill deposits. These 'channels' — have overlapped in 
places producing a slightly imbricated arrangement. Ina 
southwesterly direction, however, incomplete logging of the 
interval between the Base of the Fish Scales and the Base of 
the Joli Fou Shale in most wells in the area hinders abso- 


lute resolution of these channels. These scours and/or 
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channels occur at the southeastern extension of the B]B9 
swale and may have formed prior to Provost Viking deposition 
by currents responsible for the later: genesis of the Bj 
sandbody. 

Alternatively, the BP), BP2 and BP3 units may have 
been nucleated simultaneously within Township 35, Range 6; 
Township 36, Range 7 and Township 37, Range 7 W4M, respectively. 
Migration in a southwesterly direction coupled with pene- 
contemporaneous scouring of the seabed in places may explain 
the above observed characteristics. 

The Beaverhill Lake sands of Alberta and the sand 
members of the Dodsland-Hoosier area of western Saskatchewan 
known to form during this time were not mapped but appear in 
cross-sections. They will be discussed later as they are 
closely related to sand units of other chronostratigraphic 
intervals in these areas. 

After the deposition of the sands of the Basal 
chronostratipgrahic unit the locus of major Viking sand 
development shifted slightly to the southwest during the 


lower chrono-interval. 
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CHAPTER VI 


SANDSTONES OF THE LOWER CHRONOSTRATIGRAPHIC UNIT 


Bentonites C and A represent the lower and upper 
surfaces of this unit. In a few places, however, bentonite 
E marks the lower boundary. The unit is characterized by 
extensive deposition of relatively thick sand ridges. 
Multiple sand ridge developments, herein referred to as 
sand ridge complexes, were localized in three main areas. 
From south to north, they are: (a) the Lower sand ridge 
complex; (b) the Joffre sand ridge complex; and (c) the 
Joarcam sand ridge complex. The latter two contain units 


that are oil reservoirs. 


A. The Lower Sand Ridge Complex 


Figure 28 is an isolith map of this sandstone com- 
plex. The complex lies within the general area roughly 
enclosed by a line through Princess, Drumheller, Twinning, 
re eee Clive, Ewing Lake, Sullivan, Youngstown, Oyen and 
Bindloss. The area lies to the southwest of the sands 
(Hamilton Lake - Provost) of the Basal chrono-unit. It 
trends northwest-southeast for a distance of more than 
350 km. Maximum width and thickness are approximately 


125 km and 38 m, respectively. Ten sandstone ridges 
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designated Lo to Lg, constitute the complex. Seven were 
Mapped and three more are recognized in stratigraphic cross- 
sections. The ridges are linear in plan view and are 
arranged in a parallel to chain-like pattern in places. 

Poor to well defined interridge swales are characterized by 
relatively thin or no sand deposition. The northeastern 
Margin of the complex is thin and remarkably straight. In 
contrast, the southwestern margin is thick, steep and 
indented. 

In general, the Lower sand ridge complex was studied 
in most detail. Each unit was examined by means of several 
stratigraphic cross-sections plus cores, where available, in 
order to determine the depositional development. These 
ridges will be discussed from southeast to northwest for 


convenience. 


The Lj Sandstone Ridge 


Isolith 

This ridge occupies the northeastern half of the 
area bounded by Townships 16 and 23, Ranges 1 and 17 W4M. 
It is the most southwesterly ridge of the southwestern half 
of the Lower sandstone complex. The unit trends roughly 
N45°w for more than 90 miles (150 km). Maximum width is 
approximately 40 miles (65 km). Maximum thickness of 125 
feet (38 m) is developed within Township 21, Range 6W4M. 
From there it thins to the northwest and southeast. 


The ridge is linear and asymmetrical with a steep 
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southwest flank and indented margin resulting in localized 
thicker lobes and 'noses' such as those in Township 17, 


Ranges 2 and 3; Township 21, Ranges 7:and 8; and Township 23, 


Ranges 14 to 16. The southeast part of the northeast margin 


is fairly straight, whereas the northwestern part is irregu- 
fas and indistinctly resolved from the L}L2 swale. The 
Lj unit is the longest, widest and thickest member of the 


Lower sandstone ridge complex. 


Cross-Sections 

One northwest-southeast and four southwest-northeast 
oriented stratigraphic cross-sections were constructed 
parallel and perpendicular, respectively, to the deposi- 
Signal strike of this ridge. Distinct and laterally persis- 
tent electric log signatures were used as datum points 
because correlations of the €, D and E bentonite beds 
were thought not to be very certain. The locations of the 
lines of section are shown in Figure 29, while the identi- 
ties of the wells are given in Appendix If. 

Section M-M' (Figs. 30,35a) is oriented parallel to the 
depositional strike from Township 25, Range 14 to Township 
17, Range 1W4M. Two distinct electric log kicks were used 
as datum points. 

Nucleation of this ridge may have occurred with the 
development of a thin basal sand in wells 10 to 14. Maximum 
sandstone development occurs in these wells where the base 
of the sand is stratigraphically low. Well 10 occurs within 


the zone of multiple sand development, axial thinning and 
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eonstriction.: The Li sand shows varying thickness to the 
northwest of well 10. The writer is of the opinion that the 
phenomenon observed between wells 8 and 10 may indicate that 
the sand in wells 1 to 7 may in fact belong to another ridge. 
This question could not be resolved because of poor well 
control. Ridge growth parallel to the depositional strike 
is evident between wells 1 and 4 to the northwest and 14 to 
17 to théssoutheast, ‘as*the: base of thevridge rises'in these 
directions relative to the datum. 

Vertical ridge growth continued up to the time of 
the bentonite A ashfall as the latter lies immediately atop 
the ridge, except in wells 1 and 4 where itilies in mudstone 
about 12 feet (3.7 m) and 8 feet (2.4 m), respectively, 
above the ridge. This suggests that ridge growth in the 
northwest terminated earlier than in the southeast. Sandy 
mudstone deposition characterizes the post bentonite A 
(Upper Viking) interval. The Ao bentonite, reliably corre- 
lated between wells 1 and 9 to the northwest, maintains a 
fairly constant position of 15 feet (4.6 m) above the top of 
the Viking Formation. Relative to the top of the formation, 
the Base of Fish Scales horizon rises to the southeast as 
the Lloydminster Shale thickens in the same direction. 

Section i —-NhiPigesext, BS) is oriented in a southwest- 
northeast direction from Township 16, Range 4W4M to Township 
22, Range 26W3M in southwestern Saskatchewan. A distinct 
Shecnris log kick in the Joli Fou (probably a bentonite) is 


the datum. The section crosses the extreme southeastern 
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part of the Lj ridge which extends from wells 1 to 8. The 
unit is thin near the northeastern margin (wells 6 to 8), 
thickening to the southwest as it rises relative to the 
datum, attaining maximum development in well 2. In well 1 
it is shown to override the unmapped Lo ridge. The spon- 
taneous potential log curves show the lower contact to be 
fairly gradational and the upper to be sharp. 

Bentonite A lies very close above the top of the 
ridge. An isochronous sand unit with an almost uniform 
enrchnessiof 35 feet (LOgh m) overlies the 7 radgerbetween 
wells 1 and 3. A swale area characterized by fine sand 
deposition in wells 4 and 5 separates this unit laterally 
from a series of southwesterly advancing sand units to the 
northeast in wells 6 to 13. These sand units are shown to 
override the northeastern thin margin of the Lj ridge 
between wells 6 and 9. 

The Lloydminster shale between the top of the Viking 
Formation and the Base of Fish Scales marker thins slightly 
to the southwest from 200 feet (61 m) in well 13 to 190 feet 
594m) lin well 2. 

Section O-O' (Figs. 32,35a) is also criented southwest- 
northeast from Township 19, Range 8 to Township 24, Range 
2W4M. A distinct and laterally persistent electric log kick 
in the Joli Fou Formation is used as datum. The cross- 
section transects the area of maximum sand development of 
the Ly unit. 


The characteristics of the Lj ridge observed in the 
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previous section are repeated here (southwest diachronism; 
thin northeastern flank overlapped by a series of north- 
eastern sands migrating to the southwest (wells 9-15); the 
Lo unit overlapped by the L) unit (wells 1 to 3); and the A 
bentonite atop the ridge). The principal difference is that 
in this section the unit is thickest between wells 5 and 8, 
and displays a stronger southwest asymmetry characterized by 
a thin northeast margin and a thick, steep southwest margin. 
It also shows the poorly developed southeastern tip of the 
chronotaxial L2 sand ridge in wells 16 and 18, which is 
laterally separated from the L) by an interridge swale 
between wells 15 and 16. 

Post A bentonite sand deposition is limited south- 
west of well 8. In this area the Ap bentonite is reliably 
correlated and the interval from the top of the Viking to 
the Apo bentonite thickens to the northeast, further indicat- 
ing a probable southwest direction of early Lloydminster 
sea flooding. The deposits of this sea thicken to the 
northeast’ from 170 “feet -(52°m) in well 1 to’200 feet ~(61°m) 
anewell ¥L7:. 

Section P-P' (Figs.:33,35b). trends southwest-northeast 
from Township 19, Range 16 to Township 24, Range 8W4M. The 
D bentonite horizon is the datum. The section is con- 
structed ‘through the constricted axial’zone of the Lj ‘ridge 
and the southwestern part of the adjacent L2 unit. 

Southwest of well 15 (Township 22, Range 11W4M) thin 


Giscrete sand units are developed within the Joli Fou 
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Formation. The distinct occurrence of the Lj unit is 
restricted to the region between wells 12 and 20. Southwest 
of the latter well the L) rises stratigraphically as it 
migrates in that direction. Maximum thickness is attained 
in well 17, from where it thins to the southwest, finally 
grading into mudstone in well 12. It is clearly seen to 
override tne Lo unit between wells 13 and 17, as both units 
migrate landward. The Lo unit grades into mudstone in well 
10. Northeast of well 20, an interridge swale (wells 21 and 
22), characterized by multiple thin muddy sand deposition, 
separates the Lj} unit laterally from the L2 unit in wells 
Zenandn24% 

The vertical development of the ridges in this 
section continued up to about the time of bentonite A, which 
is better marked in the electric log of wells 18 to 24. 

Note that post-A bentonite sand deposition occurs in 
two distinct areas. To the extreme southwest (wells 1 to 6) 
an Upper Western sand is seen to prograde to the northeast 
in the opposite direction to that typical of the lower Lo 
and Ly unitseni2tiis daterally sepamatedafrom them by a 
swale (wells 9 and 10) characterized by sandy mudstone depo- 
sition. In the extreme northeast (wells 19 to 24) two upper 
sand units migrating to the southwest are developed. The 
lowerethintunit; UEG; develops: in the Ly7-L2 swale, (wells: 21 
ande22)entThe stratigraphicwpositioncof£ . thenAgubentonitesis 
as shown between wells 7 and 17, but is only inferred between 
wells l and 7. Relative to the top of the 


Formation, the Base of the Fish Scales horizon rises 
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slightly to the southwest as the Lloydminster HERE Chins. in 
that direction. 

Section Q-Q' (Figs. 34,35b) is oriented southwest- 
northeast from Township 23, Range 16 to Township 26, Range 
13W4M; the D bentonite is the datum. The section crosses 
the extreme northwestern margin of the Lj and part of the Lo 
ridge. 

The Lg ridge is shown in well 15. The L}-L2 swale 
tzes-between wells ]1 and 14. The L, ridge rises as it 
migrates pone southwest of well 10 and thins in well 7 
located within a swale along the Noe enwes feed Mardin. It 
thickens again in well 6 and finally thins to well 3 grading 
into mudstone in well 2. The two areas of L} thickening are 
"noses' developed along the northwestern margin. Within the 
L1-L2 swale in wells 12 to 14, a thin sand unit about 8 feet 
(2.4 m) above the Lower sand appears to migrate up the 
southwestern slope of the L2 ridge. This may be an indica- 
tion of the manner of sand accretion onto the ridge. 

In this section Lj and L2 sand deposition ceased 
before the bentonite A ashfall, as the latter lies in mud- 
Stone: about 10 to 12: feet (Sto 3.7 mm) above the: top of 
these ridges. Note that wells 1 ard 2, characterized by 
very poor sand development, separate the Upper sand further 
to the southwest (not shown) from the very thickly developed 
Upper Central (UC) sand in wells 3. to 6. On the other hand, 
post-A bentonite sandy mudstone deposition in wells 7 to 10 


separates the Upper Central (UC) unit from the thin Upper 
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Eastern sand (UEo) in wells 11 and 13 to 15. 
The depositional development of the units described 


above are depicted in the sketches in Figure 35(a,b). 


Core Analysis 

Well 11-6-25-12W4M cored through the upper 16 feet 
(4.9 m) of the northeastern flank near the northern limit of 
the Lj ridge. The upper 14 feet« (4.3 m) constitutes a 
coarsening upward sequence. This is underlain by a 2 foot 
(0.6 m) interval of medium to coarse grained sand which 
probably belongs to the upper part of an underlying coarsen- 


micupward. uit. Detailed description of this core is found 


in Appendix -Iiic. 
The L2 Sandstone Ridge 


Isolith 

The linear L2 ridge member is located parallel to 
and northeast of the Lj} unit (Figure 36). A parallel swale 
separates the Lo unit laterally from the L3, L4 and Ls 
ridges. The less well developed L)-L2 swale separates the 
Lo from the Lj ridge to the southwest. The axis of maximum 
sand development of the Lj is about 12 miles (19.0 km) away 
Erom, thac-ob—the- Li unit. Tie-l3 ene northwest-southeast 
for nearly 90 miles (145 km), attaining a maximum width of 
about 17 miles (27 km), and a maximum thickness of about 78 
feet (24 m) in Township 26, Ranges 11 and 12W4M. On the 
isolith map, it appears asymmetric. A poorly defined south- 


western flank and a steep north-northeastern flank, becoming 
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Figure 35a. 


Simei ge 
c) 


Generalized sketch of sand distribution in cross-sections 
a) M-M' (see fig. 29 for location): 

b) N-N' 

c) 0-0' 
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Figure 35b. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 29 for location): 
a) P-E! 
D) 0-0" 
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more gentle to the southeast, characterize the asymmetry; 


the northeastern margin is remarkably straight. 


Cross-sections 

One northwest-southeast, and six southwest-northeast 
stratigraphic cross-sections, respectively oriented parallel 
and perpendicular to the depositional strike, were drawn to 
diagnose this ridge. The horizons of bentonites E and D are 
the principal datum surfaces. The lines of section are 
shown in Figure 36; the identities of the wells used in the 
sections are listed in Appendix Ig. 

Section R R' (Figs. 37,44a) is oriented parallel to the 
depositional strike of the L2 ridge from Township 28, Range 
16W4M to Township 24, Range 4W4M. The E bentonite is datum. 
As deduced from the SP curve, the unit is characterized by 
predominantly sharp lower and upper contacts, except for the 
extreme northwest and southeast margins where the base 
(wells 1 to 4 and 12) is gradational. The -unit attains 
maximum development in wells 5 and 6 and thins gradually as 
the base rises from there toward both the northwest and 
southeast. Thus, the base is convex downward, indicating 
ridge growth parallel to the depositional strike. 

The well defined A bentonite horizon in the sec- 
tion lies in mudstone between wells 1 and 5 and on top of 
the sandstone southeast of these wells. This indicates that 
the development of the Ly unit terminated earlier in the 
northwest (similar to the L)). This is supported by the 


later development of multiple Upper Eastern sand units which 
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overlap the southeastern margin of the L2 unit (wells 6 to 
13) after A bentonite deposition. Relative to the top of 
the Viking, the Lloydminster shale thickens to the southeast 
and thus the Base of Fish Scales horizon also appears to 
rise in this direction. 

Section S-S' (Figs. 38,44a) is oriented southwest- 
northeast from Township 23, Range 3W4M, through the Alberta- 
Saskatchewan border to Township 27, Range 27W3M in south- 
weStern Saskatchewan. A distinct and persistent electric 
log kick near the top of the Joli Fou is the datum. This 
section shows how the southeastern margin of the L2 unit 
pinches out, and its relations to other sand units to the 
northeast, which will be described later. The thin south- 
eastern margin of the L2 unit, Groeon not logged in wells 1 
and 2, underlies the A bentonite horizon in wells 3 and 4, 
and pinches out before well 6. Note how the thickly 
developed northeastern ridge overrides the L2 unit as the 
former migrates to the southwest. 

Section T-T' (Figs. 39,44b) is oriented in a southwest-— 
northeast direction from Township 24, Range 8 to Township 
33, Range 1W4M; bentonite E is the datum. The L2 ridge is 
correlated from wells 1 to 6, beyond which it pinches out. 
Wellswiatandasgare located in the Lo-L4 swale. ©The poorly 
developed southeastern end of L4 lies at the base of the 
Formation in wells 9 to 12. Relative to the datum, the L2 
unit migrated to the southwest, and thickens in the same 


direction. The A bentonite horizon rests on top of the 
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sandbody~in-wells 1 to 6. Both’ the Ed*and L,"units “are 
imbricately overlain by the southwesterly Sav sherns Upper 
Eastern ridges. 

Section U-U' (Figs. 40,44b) is oriented perpendicular 
to the depositional strike of the Ly ridge from Township 
24, Range 12 to Township 31, Range 6W4M. The E bentonite is 
datum. The section crosses the Lj, L9, Lb4, Upper Eastern 
and Bj] units. The L}-L2 swale (well 2), characterized by 
relatively thin sand development, separates the Lj unit 
(well 1) laterally from the L2 member (welis 3 to 7). 
Relative to the datum, “the Lj’ ridge migrated to the’ south- 
west, thickening simultaneously. Maximum thickness is 
attained in wells 3 and 4. The lower and upper contact are 
fair ly ‘sharp: 

To the northeast, the L2 unit pinches out rather 
abruptly before reaching well 8. This well is located in 
the L2-L4 swale. which distinguishes the two ridges. A thin 
sand unit appears to migrate from well 10 through the swale 
and to accrete onto the northeast flank of the L2 unit up to 
well 5. Bentonite A lies very~close™to the top of the Lj 
and L2 sandbodies except in the L}-L2 swale (well 2) where 
it occurs in mudstone about 15 feet (4.6 m) above the top of 
the swale sand. 

The Lj, Ly and Lg units are overlain in imbricate 
fashion by the Upper Eastern sandbodies migrating and thin- 
ning toward the southwest. The overlying Lloydminster shale 


thins to the southwest. 
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Section V-V' (Figs. 41,44b) is oriented southwest- 
northeast from Township 25, Range 13 through the central 
part of the L2 ridge to Township 27, Range 10W4M. Bentonite 
Dis datum. The Lj-L 9 swale (wells 4 to 6), characterized 
by relatively thin sand development, distinguishes the Lj 
unit (wells Eto ~3)' *trom “the bo ‘sandbody’ br wells ©)-t0" 15-. 
Both units migrated to the southwest relative to the datum. 

The lower and upper contacts of the L2 unit appear 
fairly sharp in wells 8 to 13, whereas the lower contact is 
more gradational in wells 6 and 7, a probable consequence of 
the southwesterly direction of migration. Maximum thickness 
development of this sandbody occurs around wells 10 to 12. 
The unit thins rather abruptly to the northeast in wells 13 
and “1+, “pinciying Out -prror to well ro located *in*the L2-hy 
swale. The abrupt thinning to the northeast is suggested to 
be probably due to syn-depositional erosion of the north- 
eastern flank of this ridge concommitant with the south- 
westward migration. Between wells 12 and 15, two additional 
sand units also migrated in a southwesterly direction onto 
the northeastern flank of the L2 sandbody. 

The A bentonite horizon occurs in mudstone about 8 
feet (2.4 m) above the top of the La unit, 22 feet (6.7 m) 
above the top of the Lj-L2 swale sand (well 4), and about 12 
feet (4 m) above the top of the Lj}. This relationship 
indicates that the vertical growth of the Lg unit continued 
longer than L , until near the time of bentonite A deposi- 


tion. The Lj and L9 ridges are overlain by the Upper 
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Eastern sands which thin to the southwest. 

Section W-W' (Figs. 42,44c) is oriented southwest- 
northeast from Township 26, Range 14 to Township 31, Range 
8W4M. It transects the Lg, L3, Lg, Upper Eastern and By 
sandbodies. Bentonite E is the datum. The L2-L3 swale 
(well 4), characterized by multiple thin sand development, 
Separates the northeastern flank of Lo (wells 1 and <2) from 
the southwestern edge of the L3 ridge in wells 5 to 9. An 
expanded section of the swale is shown in Figure 42a. 
Although the Ly and L3 units have been shown to be connected, 
at is equally possible what the Ls ridge pinches out to the 
southwest before well 4, and that the L2 unit (wells 1 to 3) 
nearly overlaps it there. This interpretation is provoked 
by the thickness distribution of these units in wells 1 to 
6, and the rise and fall of their lower contacts relative to 
the datum. 

Section X-X' (Figs. 43,44c) is oriented southwest- 
northeast from Township 27, Range 17 to Township 31, Range 
10W4M. Bentonite E is the datum. The section crosses the 
northwest tip of L2, the southeast margin of Ls, and the 
Central, parts of U5 dnd La, plus the Upper Eastern and, By 
sandbodies. The northwest end of Lg is thickly developed in 
well 5, from where it thins to the southwest in the direc- 
tion-of migration. This unit also overlaps the L5 ridge 
member to the northeast in well 6 and pinches out before 
well 7. Note how the mudstone interval between the L2 sand 


and bentonite A thickens to the southwest, where the Upper 
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Viking interval is thin and less well developed, especially 
between wells 1 and 5. 
Cross-sections R to X are depicted in Figure 


Mee Die). 


Core Analysis 

Cores from the Lz ridge were studied in six wells 
located on the flank close to the_L}-b2 swale (Figure 36). 
Five are from the northwestern mea while only one is from 
the southeastern region. These are areas where ridge migra- 
tion parallel to depositional strike exceeded that perpen- 
micular to it. 

In well 11-12-24-6W4M,. the muddy and: silty, Lo sand- 
Beay is observed to rest sharply on the bentonitic and 
fissile black shales of the underlying Joli Fou Formation. 

Cores from the northwestern part of the L9 showed 
from one to three coarsening upward textural gradients, 
commonly with mudstone at the base and black chert pebble 
conglomerate on top. The coarsest sand of this unit was 
observed in well 11-7-25-13W4M located in the Lj-L2 swale. 
All the cores show very intense bioturbation. 

Well details and core descriptions are given in 


Appendix IIId. 
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Figure 44a. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 36 for location): 
a) R=R* 
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Figure 44b. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 36 for location) : 
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Generalized sketch of gross sand distribution in 
cross-sections (see fig. 36 for location): 
a) W-W' 
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The L3 and L4 Sandstone Ridges 


Tsolith 

The L3 and Lg members of the Lower sand ridge com- 
Plex (Figure 28) are located northeast: of the Lo sand..unit, 
and within the area roughly bounded by Townships 27 and 34, 
Ranges 5 and 17W4M. The northwest extension of the Lo-La 
swale up to Township 30, Range 13W4M differentiates the L3 
sandbody from the Ly. 

Maximum thickness development of then lpand GA 
ridges occurs within Townships 29 and 30, where they are 
more than 60 feet (18 m) and 30 feet (9 m) thick, respect- 
ively. Taken together, the couplet is approximately 110 
miles (177 km) long and has a maximum width of about 25 
miles (40 km). It trends northwest-southeast parallel to 
Rene bE ridge co eneywese, (huveatvarclaghte angle to the L5 
unit to the south. 

The northeast margin 1s very straight. The south- 
eastern and northwestern extremities of the southwest margin 
are occupied by swales, but the central part is indistinct 
due to the imbricate relationship of the L3 and Ls sand 


ridges (to be shown later). 


Cross~sections 

A total of eleven stratigraphic cross-sections 
utilizing bentonite E as datum were used to study these sand 
units. Section lines are shown in Figure 45. The identi-. 


ties of the wells used in the cross-sections are listed in 
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Appendix Ih. 

Section Y-Y" (figs..46,49a) is oriented ina northwest- 
southeast direction parallel to the depositional strike of 
the L3 sand unit from Township 34, Range 18 to Township 26, 
Range 11W4M. The L3 sand attains maximum thickness develop- 
ment between wells 10 and 13. Southeast of the latter well, 
it thins toward well 16. The L2-L3 swale (wells 17 to 19) 
separates it laterally from the - unit in well 20. North- 
west of well 10, the L3 sandbody overrides a basal thin sand 
unit, identified as L5,\in)this.cross-section but.mapped 
With i3.( (The La,punitithen),thinsyas it)rises to,the: north- 
east as far as well 5. It seems to thicken again in well 4, 
but thins again and shales out before reaching well l. 
Relative,topthe,Bedatum,.the; base of, the L5, unit rises and 
falls slightly, suggesting the possibility of scour before 
or during deposition, especially in wells 3 and 5 where the 
lower contact is fairly sharp. 

Bentonite A is intercalated in mudstone about 12 to 15 
feet (3.7 - 4.6 m) above the top of the L3 sandbody in wells 
7 to 13. Between wells 14 and 19 to the southeast, however, 
the interval between the top of the L3 sand unit and ben- 
tonite A thickens and becomes sandy’and pebbly at the same 
time. A very thin,. black chert pebble conglomerate bed 
appears to migrate towards the southeast, thickening simul- 
taneously from well 15 to well 19 in the L9-L3 swale (see 
also Figure 42a). It appears then to have been accreted 


onto the Lg unit in well 20 where bentonite A occurs very 
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near the top of this sandbody. Northwest of well 7, ben- 
tonite A cannot be correlated with much certainty, but is 


assumed to lie above the L3 unit. 


Section Z-Z' (Figs. 47,49b) is oriented parallel to the 


depositional strike of the Ly unit from Township 31, Range 
14 to Township 26, Range 4W4M. Well 1 of this cross-section 
and well 9 of the previous section (Figure 46) are both in 
Township 31, Range 14W4M, but in different sections. The L3 
sandbody occurs in both wells. The section shows that the 
L4 Sand ridge is essentially the southeastern extension of 
EnenLoyridge,ohereanidesignatedcL4., plus an -overlying’thin 
Sandounit.ALAp,)s jBotheunrtsitthin¢tovthe-southeast, and 
grade into mudstone between wells 12 and 14. Relative to 
the datum the base of the unit is lowest in well 9. 
Bentonite A lies in mudstone about 10 feet (3 m) 
eaboventhesitop oftheir Lasuniinintwellsereands2e> Theis 
believed to lie atop the L4p unit between wells 3 and 12, 
and possibly at the base of the overlying thick Upper 
Eastern sandbody in wells 13 and 14. Note how this latter 
sandbody migrated rapidly to the northwest between wells 14 
and 9, and then more slowly northwest of the latter well. 
Section T-T' (Figure 39) bisects the muddy south- 
eastern tip of the Lg unit in wells 9 to 12. ‘IM these wells 
the unit is very poorly developed and not easily differen- 
tiated. The L2-L4 swale in wells 7 and 8 separates this 
unit <fromrthe bo yridgecfurtherm to.the (southwest) The Lg 


pinches out to the northeast around well 13 where it is 
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imbricately overlain by the Upper Eastern ridge advancing to 
the southwest. Bentonite A is inferred to lie just above 
the Lg unit in these wells. 

Section U-U' (Figure 40) shows the L4 sands in wells 
peand ebQs'Whereqs ithe underlying Lb4,cunitc«pinches tout sto 
ene southwest ebefore (well<@) ciocated near sthe ig-Lyacswale; 
the overlying thin L4p unit migrates to the southwest up the 
northeastern slope of the Lg ridge (wells 6 and 7), thinning 
at the same onal To the northeast, however, both units 
pinch out before well 11 and are in turn imbricately over- 
lain by the southwesterly advancing Upper Eastern sandbody. 
Bentonite w& bres: just labove the: Lay junit; 

In Section D-D' (Figure 15), wells 1 to 5 penetrate 
the northeastern margin of the Lqg units. They are underlain 
by three imbricately arranged, very thin sands (wells 1 to 8) 
demarcated by bentcnites D and C. These latter sands are 
laterally restricted, but migrated to the southwest. The Ly 
units, in turn, appear to overlie them in an imbricate 
fashion as well. Bentonite A lies in mudstone about 5 feet 
(1.5 m) above the top: of the L4p, unit in wells land 2. 
Northeast of these wells the bentonite cannot be traced with 
much certainty. 

In Section W-W' (Figure 42), wells 5 to 9 and 9 to 
18 penetrate the southeastern tip of the L3 and the central 
portion of the Ly units, respectively. The L2-L3 swale in 
wells 3 and 4 separates the Lz ridge (wells 1 and 2) 


laterally from the L3 sand , which attains its maximum 
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thickness in wells 6 and 7 and thereafter shales out rather 
abruptly grading into sandy shale or siltstone in well 9. 

The northwest extension of the L2-L4 swale, there 
called the L3-L4 swale, occurs between wells 9 and 10, and 
distinguishes the L3 from the Lqg sand ridges in this area. 
The L4g units are traced between wells 10 and 18. Relative 
to the E datum, the base of the lower E44hunit is-strati- 
graphically higher than that of the L3 ridge to the south- 
west. Maximum development of the Lg sands occur in well 12. 
Southwest of this well, both (L4g, L4p) thin, and while the 
Paar pinches out before well 9, the overlying T4y, unit 
may overlap onto the L3 ridge in well 9 and pinch out before 
well ¢. To the northeast, the La, thins and pinches out 
before well 15, while the underlying L4, also thins and 
pinches out prior to reaching well”“19-°°Underlying the L, 
units in wells 10 to 22 are the three imbricating very thin 
sandbodies encountered in the previous section. 

Bentonite A is intercalated in mudstone about 20 
feet (6.0 m) above the top of the L3 sand in wells 6 and 7, 
burelies near the top.of theyLdAy ubleein wells Jlvand 12°. 
This relationship indicates the later deposition of the Ly 
sandbodies in this area. Northeast of well 15 bentonite A 
cannot be correlated with certainty. Overall, it appears as 
if wells 10 to 22 show 5 imbricately arranged thin sand 
units migrating to the southwest with the youngest unit 
(L4,) overlapping onto the southeastern edge of the L3 


ridge. 
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In cross-section X-X' (Figure 43) wells 8 to 12, and 
wa to 17, penetrate the central portions of the L3 and Ly, 
sandbodies, respectively. Relative to the datum the L3 
ridge migrated to the southwest, thinning at the same time 
as it overlapped the muddy sand of the adjacent Ls ridge in 
well 8. Northeast of well 12, it shales out rapidly before 
reaching well 13. This well is located in the L3-Lq4 swale. 
In this part of the swale, the base of the poorly developed 
Lower Viking is about 5 feet (1.5 m) above the horizon of 


bentonite E. 


Northeast of the swale (wells 14 to 17) the strati- 
graphically higher L4 units are very distinct from the L3. 
pie base OL the lq. 21Ses TOstiemnortiicast as the unit thins 
and pinches out before well 18. The overlying Lay, is 
laterally restricted between wells 13 and 17. Another thin 
Sand) underlies: the iy) Unitseim wells 17)andsl3.. The three 
units appear to be successively stacked in imbricate fashion 
in a southwesterly direction. This pattern of arrangement 
continues into section E-E' (Figure 16) as shown between 
wells 1 and 8. However, as mentioned above, migration of 
the L4, unit at least appears to nee been toward the north- 


east. 
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Section A'-A" (Figures 48, 49c) is oriented south- 
west-northeast from Township 30, Range 17 to Township 34, 
Range 11W4M. In this section, the base of L3 is lowest in 
well 8. It thickens to the southwest to wells 5 as it 
begins to overlap the thin northeastern edge of the Ls 
ridge, and then thins as it overrides the northeastern 
flank of the L5 unit, finally pinching out before reaching 
well 1. Northeast of well 8, it pveries a laterally 
restricted thin sand unit, and both rise in that direction 
as they thin and pinch out before well 12. Thus, the base 
Grete Ls inbthe section ws*sligntly trough-shaped due 
to a missing (eroded) 10 feet (3 m) of section at the base 
of Hive sand in well 8. This sea floor scouring or non- 
deposition preceeded deposition of the L3 unit in this 
area and may be related to the deposition of the Ls, as 
it occurs at the extreme northeastern edge of that unit. 
Two relatively thin sand units, imbricately arranged, can 
be seen to migrate to the southwest onto the L3 unit 
(well 11) from well 15. Two other thin units in wells 16 
and 17 may have behaved in a similar fashion. A fairly 
similar relationship is shown in wells 1 to 11 in section 


FP-F2*(Faqure 172. 


Bentonite’ A occurs Im mudstone about 20 feet (6.1 m) 
above the top of the Ls unit in well 1 and approximately 15 


feet (4.6 m) above the top of the L3 in well 6. Relative to the 
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E sees it falls toward the northeast, perhaps reflecting 
the regional depositional slope. Northeast Bie a 8, the A 
MemLeonite cannotybe reliably. traced~in: electric well .logs. 
The By-Unit lres7at. the base- of: the formation’ in 
wells 13 to 17. Figure 49 shows the exaggerated sketches of 


sections Y-Y', Z—-Z' and A'-A". 


Fence Diagram : 

Figures 50a and 250b are fence diagrams which give a 
pictorial view of the deposition of parts of the L3 and L4 
sand units and show their lateral relations to adjacent sand- 
bodies. Bentonite E is the datum. 

Figure 50a covers toca of the area within Townships 
26 to 29, Ranges I] to’ l7° W4M. ~The. L2-L3, swale, which dis- 
Eingurshessthe io rrom-the-hy ridge, cansbexfollowed in 
WemnWwet > 0h, (Opel oye 20 ctc ee eo poe hess 4G5and oO.) The 
ia-b4 swale is’ located in wells (33, 34, 38, 41 and 60° to 62. 
The overlap relationship between the L3 and Ls units is 
shown between wells 47 and 48, and between 54 and 55. Well 
identity is given in Appendix IIb. | 

Figure 50b is a northern extension of the previous 
diagram from Townships 28 to 32, Ranges Feo 8" wae. The 
relative stratigraphic positions of the B) and Lq units are 
SHoOwn An Weltts.5 >  si,—62,, Oy mand.erOce tne cca LMbrveaiing 
sand units below the Ly units occur between wells 31 and 33, 
and between wells 34 and 35. The L3-Lq4 swale occurs in 
wells 7 and 26 and between wells 25 and 27. The juncture 


between the L3 and Lg units can be followed from wells 39 to 
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SW NE 


Figure 49. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 45 for location): 
a) Y-yY' 
b) Z-Z' 
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45. The overlap relationship between the L3 and Ls5 units is 
best developed in wells 10, 19, 20, 49, 54 and 58. Well 


identity is. given in Appendix IIc. 


Core Study 

Twelve wells recovered cores from different parts of 
the L3 and Lg ridges and nearby thin sands. These are 
located in Figure 46 and descriled in Appendix IIIe. 

Coarsening upward sequences were observed in all the 
cores regardless of their positions with respect to the 
ridge axis. The axis of the L3 ridge is characterized by 
a relatively thick single coarsening upward quartz gradient 
and fairly well preserved ead structures. Two such 
Sequences. (L4,,and,L4,) viypifyethesaxialygone (offs the LA 
ridge, but these are very strongly biotubated. 

The flanks of the L3 unit; especially those near 
swales, consist in places of two to three coarsening upward 
seguences of nearly equal thickness. Some of these are 
capped with black chert pebbles dispersed in an argillaceous 
sand matrix, generally moderately to strongly biotubated. 
Pebbly beds occur around the flanks of the L3 ridge, not on 
the axis, at least not in the parts studied. No lateral 
textural gradient was apparent except for a thin sand unit 
whach nearly overlapped ithe northeastern edge of the L3, 
which showed a visual decrease in quartz grain size to the 
southwest in two wells (11-23-34-14 and 7-2-35-14 W4M) 
‘approximately three miles (4.8 km) apart. The lithofacies 


of these ridges will be treated in detail ina later chapter. 
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The L5 Sandstone Ridge 


Isolith 

Figure 28 shows that the L5 ridge is located imme- 
diately northwest of the L2, within Townships 28 and 32, 
Ranges 15 to 19 W4M. It is roughly in line with the Lj and 
ig ridges: and parallels the Uz-Ly units. 

The ridge is shaped like an inverted S due to 
localized thickening in two areas (Twp. 30, Rge. 18 and 
Twp. 29, Rge. 16 W4M). The axis of maximum thickness trends 
northwest-southeast for approximately 40 miles ((64.0 km). 
Maximum width and thickness are, respectively, about 17 
miles (27.0 km) and 75 feet (23.0 m). A fairly gentle 
northeastern and relatively steep and indented southwestern 
flank characterizes the ridge asymmetry. With the exception 
of the central part of the northeastern boundary, which has 
been shown to be overlapped by the L3 ridge, the ridge is 
surrounded by swales that are fairly well defined. 

To the southwest of the L5 unit is a parallel, but 
laterally restricted elongate sand unit designated L5,. It 
occurs within Townships 27 to 29, Ranges 21 to 24 W4M. It 
Sea DOut 45) miles (/2.0 km) Long, 8 miles: (P30) km) wide, 
and develops a maximum thickness of 70 feet (21.0 m) around 


Township 28, Range 22 W4M. 
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Cross-sections 

Figure 51 shows the location of the cross-sections 
used to study this unit. Bentonite E was used as datum. 
me identities Of wells in the ‘sections are listed in 


Appendix Ii. 


Section B'-B" (Figs. 52,55a) is oriented along the axis 


of maximum development parallel to the depositional strike 


¢ 


Of stne ELdge from) Townshipl32,.) Range. (19), tox Township 28, 


Range 14W4M. The L5 ridge attains maximum thickness between 


wells 6 and 10, and thins southeast of the latter well. [In 
the L5-L6 swale, northwest of well 6, the L5 ridge appears 

Po vover pide the soutnenet edgeno Ln theuLeeradge (well 1): up 

to well 2. Relative to the datum, ridge migration parallel 
to depositional strike seems to have been toward the north- 
west. 

Bentonite A lies in mudstone about 25 feet (7.6 m) 
above the top of this ridge. Except for the localized 
development of very thin sand units, the thin Upper Viking 
interval in this area is very poorly developed. 

Section C'-c" (Figs. 53,55b) trends southwest-northeast 
from Township 29, Range 18 to Township 31, Range 15 W4M. A 
bentonitic sandy mudstone 'bank' at the base of the Viking 
in well 5 thickens as it rises in a southwesterly direction 
up to well 2. This unit is bounded at. the base and top by 
bentonites D and C, respectively. The thickest development 
Of ther ls ridge occurs in wells 4 and: 5; it thins rapidly 


and grades into mudstone near well 2, in the direction of 
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Migration to the southwest. An overlying thin sand unit 
maintains an offlap ee eich pale Ge the L5 between wells 1 
and 6. Northeast of well 5, the Ls unit thins and is over- 
lapped by the southwesterly advancing L3 ridge. 

Bentonite A occurs in mudstone about 30 feet (9.0 m) 
geeveythe jtopreof «Ls in wella3 ppand=18afect «(5 25m) sabevehls 
unit in wells 6 and 8. The Upper Viking |interval,is ‘thicker 
and sandier to the northeast than to the southwest. 

Section D'-D" (Figs. 54,55c) is another southwest- 
northeast oriented section from Township 27, Range 23 to 
Township 32, Range 15 W4M. This cross-section shows basic- 
ally the same features noted in the previous one (Figure 53). 
The underlying bentonitic sandy mudstone of section C'-C" is 
shaly mudstone:in this section (wells 8 to 10). The Ls unit 
(wells 8-16) overrides this basal shaly mudstone in well 10 
as it migrated to the southwest, and itself grades into mud- 
stone in well 7. The northeastern flank of the L5 sandbody 
is in turn overlain by the southwesterly advancing L3 unit 
in wells 13 to 16. 

The mudstone interval between the top of the L5 unit 
and the A bentonite thickens to the southwest up to well 8, 
while the reverse is true for the Upper Viking interval, 
which is thicker and. sandier to the northeast (wells 14 and 
Lay oe 

Further to the southwest, the L5, sand developed 
between wells 3 and 5. This lens-shaped unit has sharp 


lower and upper contacts and is laterally restricted. 
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According to the datum, it appears to have formed a little 
later than the L5 unit, but at one stage they were syn- 
chronous. 

The Upper Western sand (UW), which prograded rapidly 
to the northeast, is shown between wells 1 and 7. It over- 
lies L54 in wells 3 to 5 and shales out just before reaching 
well 8 where the underlying L5 unit is also grading. into 
mudstone. Bentonite A is interpreted to have fallen on this 
unit (UW) beyond well 8. These cross-sections are sketched 
in. Figure 55. 

The probable overlap relationship between the south- 
western and northeastern flanks of the L3 and L5 ridges, 
respectively, discussed earlier, 1s shown in the fence dia- 


gram of Figure 50b. No cores were cut from the Ls ridge. 


The L¢é Sandstone Ridge 


Isolith 

Figure 28 shows that the Lg ridge occurs within the 
area of Townships 31 to 33, Ranges 18 to 22 W4M, northwest 
Ot the bs ridge. \ltiis one of the Miiksiof the -ronghly 
linear ridge chain comprising the L2, L5, and L7 ridges. 
This ridge, with a pear-shaped outline, is characterized by 
an elongate western margin and a rather blunt eastern margin. 
A relatively steep southwest flank and a very gentle north- 
east flank characterize its thickness asymmetry. 

The axis of maximum development is oriented appro- 


ximately N80°W. It is about 45 miles (72.0 km) long, and 
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Figure 55. Generalized sketch of gross sand distributions in 
cross-sections (see fig. 51 for location): 
a) B‘ —-B" 
b)y CA=Gh 
c) D'=-p" 
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roughly 30 miles (48.0 km) wide. A maximum thickness of 
about 85 feet (26.0 m) is attained in the extreme northwest 
corner of Township 32, Ranges 20 and’21 W4M. The ridge is 
entirely surrounded by swales characterized by poor sand 
development. 

Figure 56 shows the location of cross-sections used 
to diagnose this ridge. Bentonites E and D were used as 
datum planes. The identities of wells used in the sections 
are listed in Appendix Ij. 

Section E'-E" (Figs. 57,60a) is oriented northwest- 
southeast from Township 34, Range 22 to Township 31, Range 
19 W4M. It closely follows the axis of maximum development 
of the Lgé ridge. The datum is bentonite D. The base of the 
unit is fairly flat relative to the datum except in the 
extreme southeast (well 13) and northwest (wells 1 to 3), 
where it is slightly higher as a consequence of ridge migra- 
tion parallel to the depositional strike. In the latter 
area it seems to override or grade into the eastern edge of 
the L7 unit in well 1 near the Lg6-L7 swale. 

A saddle (wells 7 to 10), later occupied by a thin 
sand unit, gives the top of the Lg ridge an undulatory 
appearance. This probably indicates that the ridge was 
breached in this area and later filled with the overlying 
thin sand unit. Another very thin sand unit is shown on the 
northwestern slope of Lg in wells 3 to 5. 

Bentonite A lies in the overlying mudstone unit. 


The profile of this chrono-horizon parallels the configuration 
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Op. tie top ol this ridge... “The ‘thin Upper Viking“interval is 
characterized by very poor sandstone eon, 

Section F'-F" (Figs. 58,60b) trends southwest-northeast 
from Township 31, Range 22 to Township 35, Range 16 W4M. 

The section shows that this ridge migrated to the southwest. 
A thin laterally restricted sand unit appears to migrate up 
the gentle northeast flank (wells 6 to 8). On the southwest 
flank (wells 1 to 4), another thin sand unit develops atop 
this slope of the Lg ridge. The L6é is bordered to the 
northeast by a swale (well 10) characterized by little sand. 

Bentonite A occurs in the overlying mudstone unit. 
It defines a bottom surface which may have sloped slightly 
to the northeast. The northeasterly advancing Upper Western 
sandbody occurs in wells 1 and 2.and pinches out before well 
3... ._Bentonite A may have fallen on this unit,..although it is 
interpreted here to lie below it. The rest of the Upper 
Viking interval is exeedingly thin. 

Section G'—G" (Figs... 59,60c) is oriented southwest- 
northeast from Township 32, Range 23. to Township 35, Range 
19 W4M, along the northwest margin of the Lgé ridge. Ben- 
tonite E is the datum. Essentially the same features noted 
in the previous section are repeated here --migration to the 
southwest, a thin gently sloping northeast flank with an 
overlying thin sand unit migrating upslope (wells 8 to 10). 
The northeast profile is defined by bentonite A, the top of 
the Viking, and the northeast swale (well 11). The Upper 


Western sandbody also occurs in wells 1 and 2. 
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mrersketeches of these sections’ are shown in Figure 60. 


Core Study 

The Lg is not much cored, but unslabbed cores from 
Ene northeastern edge of this ridge:-were studied in two 
wells (2-30-35-19 and 11-2-34-20 W4M) located on a more or 
less southwest-northeast trend (see Figure 56 for location). 
They were examimed together allowing comparisons to be made 
regarding the textural attributes of this ridge. From the 
northeast to the southwest, the number of very thin coarsen- 
ing upward sequences, average about 7 feet (2 m) thick, 
increased from 3 to 4; quartz also decreases in size toward 
the axis from medium or es to fine or very fine sand. 
The two youngest sequences are pebbly at the top. The 
average long axes of pebbles measured in these wells de- 
creased from 1.25 cm to 0.625 cm in a southwesteriy direction. 

Detailed core descriptions are in Appendix IIIf; 


the facies are described and interpreted in Chapter VIII. 


The > Sandstone -Radge 


Tsolith 

The L7 ridge (Figure 28)" 1s "located withan=fewnshaps 
BoE EO: 3 1% ponte 22. CO .2 oO AWAaN, norehese and south of the L6 
and Joffre sandbodies, respectively. It is almost entirely 
Surrounded by swales characterized by very poor sand 
development. It trends northwest-southeast for more than 
Boomiles: (56 km). This ridge is about 25 miles (40 km) 


Side) and attains a maximum thickness of 60 feet (18 m) in 
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Figure 60. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 56 for location): 
a) es 
b) F'-F" 
c) Cue 
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the northern part of Township 34, Ranges 24 ase 25 W4M. A 
steep southwestern flank and a wide gentle northeastern 
flank characterize the asymmetry of this ridge. In the 
etuady area; it is) the ‘terminal Link’ ofsthe linear ridge 


chain to the southeast. 


Cross-sections 

Figure G6i.shows the: location’ of cross-section lines 
and cored wells used to study the depositional development 
of this unit. Bentonite E was used as datum. The identi- 
ties of wells used in the sections are listed in Appendix 
ite 

Section H'-H" (Figs.-62,65a) is oriented northwest 
southeast from Township 34, Range 29 to Township 34, Range 
2) W4M, roughly parallel to the trend ofthe’ axis of maximum 
Sand thickness of the L7 ridge. ‘The section shows that 
ridge growth parallel to the depositional strike was more 
prolonged toward the northwest than the southeast, as it 
rises higher in that direction relative to the datum line. 
Maximum thickness occurs around wells 6 and 7. Northwest 
of these wells, the unit thins and grades into mudstone in 
wells l and 2. Wells 1 and 2 are believed to represent the 
northwestern part of the Lg ridge Theated southwest of the 
L7, aS will be demonstrated later. To the southeast (wells 
ScOvld athewiy et ldge Lhinswandapinches out, before well 12. 
In this area, the Le6 ridge (well 13) appears to overlap the 
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Bentonite A is well correlated between wells 11 and 
13, and its position is reliably inferred northwest of these 
wells. In general, it approximates the end of Viking time 
in this area, except to the northwest (wells 1 to 4) where 
it is thought to have fallen on sand bottom. This sand unit 
is part of the northeast migrating Upper Western sandbody. 

Section I'-I" (Figs. 63,65b) trends southwest-northeast 
from Township 32, Range 27 across the central part of the 
L7 unit, to Township 36, Range 20 W4M. The datum line is 
bentonite E. Although its position northeast of well 12 is 
inferred, it is considered to be fairly reliable. 

According to the datum, the L7 ridge migrated ina 
southwesterly direction from well 12, thickening at the same 
time. Maximum thickness is developed in well 6. It then 
thins farther to the southwest and grades into mudstone in 
wells 3 and 4 as it overlaps the Lg unit near well 2. In 
wells 10 to 12, the L7 is underlain by a poorly developed 
thin basal sand which i chronotaxial to the B3 sandbody 
further to the east. Wells 13 to 15 are located in a north- 
eastern swale about 10 miles (16 km) wide which separates 
the Lower sand ridge complex from the Joarcam Complex in 
wells 16 and 17. 

Bentonite A is reliably correlated between wells 5 
and 7. Beyond these wells it cannot be recognized with much 
certainty. It may have fallen on the Upper Western sand- 
body (wells 1 to 4) prograding to the northeast. Note that 


the Viking Formation thickens to the southwest. This 
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results mainly from the L7 and Upper Western sandbodies 
migrating in opposite directions. The te are eee trans- 
gression also began earlier here. In the cross-section, 
the Base of Fish Scales marker also appears to rise to the 
southwest relative to the datum (probably because of 
increased sand in the section). 

Secticn J'-J" (Figs. 64,65c) 1s another southwest- 
northeast oriented section from Township 33, Range 28, 
tneougqn the northwestern margin of Lz, to Township 38, 
Range 23 W4M. Bentonite E is again the datum. Basically, 
the section shows almost the same features as the previous 
section (Figure 63). However, the relationship between the 
L7 and the Lg sandy mudstone, on the one hand, and the 
southeastern part of the Joffre Complex on the other, are 
DecuGr protrayed.. “Ther 7setearly overlaps, the Le unit in 
Webmss.) TO .the northeast, the h7 Unie appears to pinch out 
before well 12, and a muddy bank (well 12) separates the 
latter from the poorly developed southeastern part of the 
Joffre units in wells 14and-15... This™portion of the sec- 
tion is indicative of the chronotaxial relationship between 
the Joffre sands and the L7 ridge. Bentonite A cannot be 
traced with certainty in this area,*but may have fallen on 
the Upper Western sandbody between wells 1 and 6. 

The described cross-sections of the L7 sand ridges 


are sketched in Figure 65. 
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Figure 65. 


Generalized sketch of gross sand distribution in 
cross-sections (see fig. 61 for location): 

a) H'-H" 

b) Tio 

c) yr-g" 
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Core Analysis 

Five wells, which recovered cores from different 
parts of this unit, provided dace on the anatomy of this 
ridge (see Figure 61 for the location of cored wells). A 
thick coarsening upward sequence characterizes the axis of 
maximum sand development and parts of the southwest and 
northeast flanks very close to the axis of the ridge. On 
the northeastern flank near the ridge axis, the sequence is 
capped by a thin conglomerate bed composed of subangular to 
subrounded black and brown chert pebbles. This bed was not 
found either on the ridge axis or the southwest flank. 
However, a few black chert pebbles were dispersed in the 
overlying nonbioturbated mudstone interval in the latter 
area. On the other hand, two east-west trending wells which 
cored through the northeastern portion of the northwest 
margin of this ridge show an upslope increase in the number 
and thickness of the coarsening upward sequences from two to 
three. The youngest sequence is capped by a thin conglo- 
merate bed composed of nearly equidimensional black and 
brown chert pebbles. Detailed descriptions of these cores 


are in Appendix IIIg. 
The Lower Sandridge Complex: A Summary 


The complex comprises 9 ridges (Lo to Lg) which 
formed southwest of the B] unit, but later in time. They 
are generally conformable on the Joli Fou Formation, except 


in parts of the northwestern margin of the L3 member, the 
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L3-L4 swale and the southeastern margin of the Ly member, 
where core evidence, thinner than normal sections, and shape 
of spontaneous potential curves indicate or suggest a dis- 
GemeOLmavie contact!) Eivxys Chought=:that pre-\‘or-isyn-disposi- 
tional scouring of the sea floor was responsible for this 
phenomenon. 

At certain times ridges were entirely sur- 
rounded by swales, generally characterized by very limited 
sandstone development. In places where ridges are known to 


Overlap (e.90., 4) On Lo, and b3.0n Ls), this is interpreted 


He; be due to laterally separated. isochronous. ridges migrat- 
ing in the same general direction, but usually at different 
rates. It is envisioned pine the principal current flow 
pattern responsible for the genesis of these ridges paral- 
leled that of the swales; hence, the predominant occurrence 
Of pebbly beds in) lows around the 5, Lz and L7 ridges. 
This reflects the topographic control of the. seafloor. 

on the distribution of some of the conglomerate beds. 

The orientations and nature of the swales, coupled 
with the indented margins of some of the ridges, probably 
indicate that currents at times flowed in more or less 
opposite directions. For instance, ridge growth parallel 
to depositional strike seems to be ees equal in both 
DoEtnwest and Southeast directions for the Ly and Lo 
ridges; whereas, a northwesterly flow direction may have 
been predominant for the L3, Lg and L7 units, and the 
opposite direction true for the Ly unit. 


A general thickness asymmetry characterized by a 
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steep southwest and a gentle northeast thickness gradient, 

interpreted as reflecting flank slope, is cenevetent with 

the deduced southwesterly (landward) direction of migration 
for these ridges. In general, however, the northwesterly 
ridges (L6é and L7) have a broader, northeastern flank. The 
very thin sand units often noted to have migrated up the 
gentle northeast and/or southwest flanks of pre-existing 
ridges may indicate the manner in which sand was accreted 
onto these ridges when they were developing. 

The stratigraphic position of bentonite A relative 
to the top of these ridges indicates that: 

Pee Deposition of the northwestern ridges {Ls5, lg and L7) 
terminated carlier than the southeastern ridges (L], L2, 
L3-Lq4). Thus, the mudstone interval which overlies the 
former ridges is thought to be mostly the offshore facies 
for the overlying Upper Western sand prograding to the 
northeast in the opposite direction to that of the 
underlying sand ridges. In contrast, the mudstone above 
the southeastern ridges is predominantly the shoreward 
facies of the southwest (landward) migrating Upper 
Bastern units. 

2. Deposition of the Li, Lg and Lg ridges up to the time of 
bentonite A, coupled with continued deposition of the 
Upper Eastern sand unit, may indicate sediment contri- 
bution by a source area different from that of the 
northwestern ridges. This may in part be reflected in 


the large dimensions (length, width, thickness) of the 
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southeastern (L) and L2) ridges. 

A general northeast sloping profile suggested by the 
slope of bentonite A may reflect the topographic 

gradient at that time. 

Coarsening upward textural gradients, at times in cycles, 
characterize sandstone ridges. The occurrence and dis- 
tribution of some pebble conglcmerate beds appear to be 


topographically controlled. 
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B. The Lower Joffre Sandstone Ridge Complex 


The Lower Joffre sand ridge complex is located with- 
in Townships 38 and 39, Ranges 25 to 28 W4M. This area lies 
approximately 10 miles (16 km) east to northeast of the town 
of Red Deer, Alberta. The complex is also north-northeast 
of the L7 ridge member of the Lower sand ridge complex 
(Figure 28). Further to the northwest the Joffre complex 
may be continuous with the Gilbey field reservoir sands. 

The complex is elongate and trends northwest-south- 
Best parallel to the structural and depositional strike, but 
atea fairly high anglevto the L7 unit. The Joffre complex 
is more than 30 miles (48 km) long and only about 6 miles 
(10.0 km) wide on the average. The areal distribution of 
these sand units is outlined (Figure 28) but not mapped. 
They are oil-bearing and, as such, have been fairly well 
mapped by previous workers. In cross-sections, four rela- 
tively thin sand units are recognized and designated LJ] to 


LJ4 for convenience of discussion. 


Cross-Sections 

Five stratigraphic cross-sections were used to diag- 
nose these sandbodies. Laterally persistent and distinct 
electric log kicks were used as datum planes as the diagnos- 
tic bentonite horizons could not be correlated with cer- 
tainty. The cross-section lines are located in Figure 66, 
while the identities of wells used in the sections are given 


in Appendix Il. 
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Location of cross-sections K' 


units and cored wells studied. 
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Section K'-K" (Figures 68, 72a) runs parallel to the 
depositional strike of the Joffre complex from Township 39, 
Range 28 to Township.38, Range 26 W4M. An electric well log 
kick is the datum; however, bentonite E horizon is shown in 
werrs 4rqnd"S. “°“The-relatively thin” boy} unit’in “well “12 
pinches out before well 11. The LJ9 unit develops maximum 
thickness in the latter well, overlaps the LJ] in well 12, 
thins:as.it rises to the northwest relative to the datun, 
finally overlaps the LJ3 unit in well 8 and pinches out 
before well 7. The latter sandbody (LJ3) also rises to the 
northwest from well 8, attains maximum thickness in well 5, 
and overlaps the LJ4 unit in well 3. The LJq in turn rises 
to the northwest from well 3 to beyond the limits of the map 
area (Township 39, Range 28W4M). 

Relative to the datum, it would appear that all 
these units began to evolve at about the same time, but the 
LJ3 and LJq4 bodies continued up to the end of Viking time in 
this area, whereas formation of the LJ] and LJ2 units ceased 
earlier. The above relationships indicate that the axes of 
the LJ2, LJ3 and LJ4g units may be displaced slightly to the 
northwest in that order. 

Section L'-L" (Figures 68, 72a) is oriented ‘south-.. 
west-northeast from Township 37, Range 25 to Township 38, 
Range 24 W4M. The thin bentonite bed near the top of the 
Formation (Love, 1955) is the datum. However, the inferred 
position of bentonite E is shown between wells 1 and 2, and 


wells 9 and 10. The L7 ridge member of the Lower sand ridge 
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complex in well 1 is laterally separated from the Joffre 
units (wells 3 to 8) by well 2 located within a swale 
characterized by sandy mud development. 

The LJ} unit at the base of the Viking in wells 6 to 
8 consists of two very thin imbricating sandbodies to the 
southwest. These laterally restricted units pinch out 
around Well }5. «TheylJ].1S.in turn overlain, by the LJ3- in 
imbricate fashion. This sandstone attains maximum thickness 
in well 5, thins as it rises to the southwest, and pinches 
out before well 2. 

Northeast of these sandbodies, wells 9 and 10 are 
located in a swale characterized by mudstone. It is this 
swale which differentiates the Joffre sandbodies from the 
sandy mudstone facies of the Lower Joarcam sand ridge com- 
plex in well 11. This cross-section shows the L7 ridge 
member, the Joffre units and the Joarcam ridges to be 
chronotaxial.« 

A poorly developed isochronous equivalent of the B] 
unit, herein-referred.to.as B3,;lies,at the base,.of the 
Viking in wells 10 and 11, near bentonite E. 

Section M'-M" (Figures 69, 72a) is a southwest- 
northeast trending section from Township 37, Range 27 to 
Township 38, Range 25 W4M. The bentonite horizon near the 
top of the Formation is the datum. The position of ben- 
tonite E is shown in wells 1 to 4. The northeastern margin 
of the L7 ridge member of the Lower sand ridge complex is 


correlated between, wells. 1]..and.7.. The unit maintains a 
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fairly level base, with only a slight diachronous tendency 
toward the southwest between wells 1 and 3. intwedié 1 and 
2 it is imbricately overlain by a thinner unit probably 
advancing to the southwest. The thinning in well 4, and the 
rather poor spontaneous potential log response in well 5 may 
indicate that this area represents a swale which separates 
the sand unit of wells 1 to 2 from that of wells 6 and 7. 
However, inadequate well coverage in the area hinders 
accurate interpretation. 

The LJz unit attains maximum development between 
webts®1]0°and 127 thins assitemigrates tol the: southwest; and 
perenes out-before well 7. Northeast of well 12, the LJ 
pinches rather abruptly into the Joffre-Joarcam swale. The 
very thin sand which underlies the LJ2 in well 10 may be the 
northwestern edge of the LJ. 

The Viking Formation thins to the northeast between 
wells 1 and 7 and maintains a fairly constant thickness 
northeast of well 7. This thinning is shown by the profile 
of the top of the Sandstone, which slopes gradually to the 
northeast and flattens in the area of the LJ2 unit. The 
relationship of the top of the Formation to the. bentonite 
Heri zon nearithertop2o£ Lytiniwel lseats totq indsaecatest that 
whereas Viking sand deposition continued between wells 1 and 
4, little or no sand deposition occurred northeast of the 
latter well. It is suggested that the overlying sandy mud- 
stone interval between wells 1 and 4 represents the offshore 


facies of the northeast prograding Upper Western sand 
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encountered near the axial zone of the L7 member. 

Section N'-N" (Fagures 707) 72b) is ofientad ina 
southwest-northeast direction from Township 37, Range 28 to 
Township 40, Range 25 W4M. An electric well log kick is the 
datum. Relative to the datum, the LJ3 unit migrates to the 
southwest from well 6, attains maximum thickness in well 5, 
thins and grades into mudstone beyond well 1.° Northeast of 
well 6, this unit thins rather abruptly in well 7, and 
finally pinches out before well 8. Based on the shapes of 
the spontaneous potential curves, the lower contact is sharp 
around welis 5 and 6 and somewhat gradational southwest of 
these wells. 

Whereas the southwestern edge of the LJ3 unit is 
overlain by mudstone (wells 1] to.3), the northeast margin is 
imbricately overlain by thin sand units in wells 6 to 10. 
The sands northeast of the latter well constitute the south- 
westernmost members of the Lower Joarcam ridge complex to be 
discussed later. The cross-section shows the isochroneity 
of the Joffre and Joarcam sand ridge complexes. 

Section O'-O" (Figures 71,72b) trends southwest- 
northeast from Township 39, Range 28 to Township 40, Range 
26 W4M. A distinct and laterally persistent electric log 
kick is the datum. The position of bentonite E in well 
14-28-41-26W4M (Amajor, 1977) correlates with the base of 
the thin B39 Sandi unit in well 8S >The Lda unit is best 
developed in well 2 from where it rises to the southwest 


relative to the datum, becoming muddy in well 1. A low area 
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of minor sand development (well 3) separates the LJ4 
laterally from the LJC, member (wells 4 and 5) of the Lower 
Joarcam sandstone complex. 

The B3 sand unit at the base of the Formation in 
wells 4 to.10 is a time equivalent of the B] unit to the 
southeast. These cross-sections are sketched in Figure 


ee Val pl) 6 


Core Analysis 

Cores recovered from the LJ3 unit were studied in 
two wells, while the LdJ2-LJ3 overlap relationship was exa- 
mined in another well. These cores are located in Figure 66 
and described in detail in Appendix IIIh. 

Although, on the average, the LJ3 unit could be 
regarded as a coarsening upward sequence from mudstone to 
conglomerates, the change is not gradational. In the north- 
western part of the LJ3 unit; the coarsest chert pebble beds 
are concentrated near the middle of the sequence and the 
dower contact isvisharp... (in the central ‘area a’ thick, 
generally coarsening upward sequence is internally consti- 
tuted by three thinner coarsening upward sequences which 
overlie one another sharply. These are then capped by 
another thin but distinct eee eee owed sequence. In 
well 13-33-38-26W4M where the LJ2 overlaps the LJ3, two 
relatively thin coarsening upward sequences belonging to 
these units were recognized. The LJ2 unit has a sharp base 
followed by mudstone, and terminates with very coarse sand. 


Generally, the fairly well rounded black and brown chert 
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bentonite E horizon” — 


c) 


Figure 72a. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 66 for location): 

a) K'-K" 

b) T;"—T,"" 

c) M'-M" 
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a) 


b) 


Figure 72b. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 66 for location): 
a) N'-N" 
b) Oo'-o" 


eye are Oe 


wit Lhe ee ae . 


- y ye ee ge : rie oan weer ‘ 
: ; aay ae eae ea eo aS lt a ea ae ati ok 
ie WR iy ilasiah AAT Dae ea ae Mle : 
eek sectioned sianinaananat nes 
fy" 
wa 
‘et > aeHh ere ay win inanlvinae <1 LAD ART PR come erent ae oli Nom 4.9 Set om Ak ne ps 
erie a 
@ elle . ra. i tiny 
i LiTaifisaae er ee . 
prrul 5 | 
a f i 
{i 
4 
i; 
, @ 
fy 
‘ 
; 4 
« 
ii 1) 
l 
fe 
) N 
ih i 
t) | Ene 


m eal vera eat a 


Abd | ts | ta 
Binds 45 anni He "ees ver Be: 9 MT 1 


= crceeenstiiersai rrr ti, nh rman ees mee empl gh een gl 
wy ; f 
% £ OMY i 
be 
i i" i 
N 


¥ 


ag rn tindiRagaat dena. anose, 39 doitede ectteaieie 4 
+ keto teen! = ag. ad wend 4 | 


135 


peopres are*largér-in size" in the central part of thé’ LJ3 


than to the northwest or southeast. 


summary 

At least four laterally restricted, elongate, 
roughly linear northwest-southeast trending ridges consti- 
tute the Joffre reservoir sand ridge complex. Succeeding 
ridges are displaced laterally to the northwest of previous 
ones. The northeastern margins are relatively clean, better 
well developed, and pinch out rather sharply, whereas the 
southwestern margins are muddy and grade into mudstone. 
This is consistent with a deduced southwesterly direction of 
sand ridge migration. The sandbodies often begin with a 
rather sharp lower contact in the northeast which becomes 
gradational in the southwest. In places, migration produced 
an imbricate arrangement. The sharp lower contacts of these 
units at their northeast edges as observed in core and 
indicated by the shape of the spontaneous potential logs, 
coupled with the rather abrupt manner in which they termi- 
nate in this part, and the indication of missing section 
near the base of the LJ4g unit (Figure 71) strongly suggest 
scouring along the northeast edge before or during deposi- 
tion. A similar observation was made and interpreted for 
the northeast edge of the By (Hamilton Lake) reservoir 
sandstone. The evidence does not favour ridge migration 


toward the northeast, as interpreted by Shelton (1973). 


Sand-ridge growth terminated earlier in the 
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southeast than in the northwest, although they may have 
begun their sedimentary evolution at the same Cine The 

LJg and LJ3 ridges exhibit coarsening upward textural 
gradients from mudstone at the base to brown and black chert 
pebble conglomerate beds at the top. 

Two swales, characterized by little sand development 
and located to the southwest ee) louse sss of these ridges, 
differentiate them laterally from the Lower and Joarcam sand 
ridge complexes to the southwest and northeast, respectively. 
Well log correlations indicate that the three complexes are 
enronotaxial. The coincidence’ of the-top. of the Joffre 
sands with the apparent top of the Viking Formation in this 
area is not indicative of the later genesis of these units. 
Rather, the writer believes that this phenomenon is partly a 
function of depth and the distance from the northeast pro- 
grading shoreline to nearshore Upper Western unit whose off- 
shore mudstone.facies.overlies much=of the L7 ridge member 
of the Lower sand ridge complex to the southwest. This is 
consistent with the earlier interpretation that Viking 


deposition ceased earlier in the northwest of the study area 


than in the southeast. 


C. The Lower Joarcam Sandstone Ridge Complex 


Figure 73 is the isolith map of the Lower Joarcam 
sand ridge complex. It is approximately located within 
Townships 38 to 52, and Range 18W4M to the fifth Meridian 


within the map area, but extends farther to the northwest 
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Isolith map of the Lower Joarcam sand ridge complex. 


Figure 73. 
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and southeast. Thus, it trends northwest-southeast like its 
southern correlatives, the Lower and Joffre complexes, but 
is laterally separated from them by a major northwest- 
southeast trending swale (see the northeast edge of thie 
Lower sand ridge complex, Figure 28, for location. 

Twelve fairly well developed sand ridges are recog- 
mized and designated LIC] to LJC;>5 from south to north. 
mowever, the LJC5, LJCg and LJCy9 represent localized 
thickening within the same ridge. Township 44 roughly 
divides the ridges into two groups: southern and northern. 

The southern ridges (LdCy to LJC¢) are relatively 
smaller and generally more poorly developed. Length varies 
roughly between 15 miles (24 km) and 35 miles (56 km), while 
width ranges approximately from 5 miles (8 km) to 10 miles 
(16 km). A-maximum thickness) of 50 Leet (15.1 m) is deve- 
loped by the LJC4 within Township 41, Ranges 20 and 24 W4M. 
On the other hand, the northern ridges are larger and better 
developed. The LJC)2 ridge (Joarcam oil reservoir sandbody) 
is more than, 5S0:miles €80 km) tong, and the LJCg unit is 
more than 15 miles (24 km) wide in places, and attains a 
maximum thickness slightly greater than 60 feet (18 m). 

Both sets of ridges are roughly parallel trending 
northwest-southeast. However, the northern ones trend more 
northerly than the southern. The ridges are elongate and 
fairly linear except for the LJC7 and LJCg units which show 
rather complicated shapes. The ridges are more or less 
surrounded by well defined swales characterized by thin or 


poor sanddevelopment. Some swales bifurcate while others run 
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uninterruptedly northwest-southeast paralleling the trend of 


ridges. 


Cross-Sections 

Nine concatenated stratigraphic cross-sections were 
used to diagnose the complex. Distinct and laterally per- 
sistent electric well log kicks were used as datum horizons 
because the diagnostic bentonite horizons could not be 
reliably correlated in the well logs of the area. Even 
bentonite C, which underlies the LJC1? reservoir sandbody in 
places, does not seem to be laterally persistent. 

Cross-section lines are located in Figures 56 and 
74. The identities of wells used to construct these sec- 
tions are given in Appendix Im. 

Section P'-P" (Figures 75,85a) is an extension of 
section G'-G" (see Figures 56 and 59 for location) ina 
northeasterly direction from Township 35, Range 18 to Town- 
ship 42, Range 12 W4M. Bentonite E is datum; its strati- 
graphic position is correlated with certainty between wells 
Lreand 4. .ana 4 and abou Tmiwertks" 9 vandvwil0uat& fs. reliably 
inferred. Wells 1 to 4 are located near the central part of 
the northwest-southeast trending swale which extends from 
beyond Township 39, Range 26 southeastward to at least 
Township 33, Range 15W4M. This swale seems to continue to 
the southeast almost paralleling the Lg unit. In the latter 
area, however, it is obscure because sand units are thin and 


laterally very restricted. It is this swale that 
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location of cross-sections Q' to Z' and A" across sand units of 


the Lower Joarcam complex and cored wells studied. 


Figure 74. 
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distinguishes the sand ridge complexes of the oe chrono- 
stratigraphic unit (Lower, Joffre, and Joarcam sand ridge 
complexes). Its trend defines the approximate northeast 
limit of the Upper chronostratigraphic unit, beyond which no 
Upper Viking sands were deposited. The unmapped Lg ridge is 
correlated between wells 3 and 14. The trace of the axis of 
Maximum thickness of this unit is shown in Figure 56; it 
trends northwest-southeast. A maximum thickness of 50 feet 
(15.0 m) is developed in well 8. Relative to the datum, the 
unit appears relatively static except in the area between 
wells 3 and 6 where a late migration in a southwesterly 
direction is indicated. The southwestern, central, and 
northeastern parts of the unit are capped by laterally 
restricted thin sand units. Probably these are indicative 
of the manner in which vertical and lateral ridge growth 
occurred. 

The stratigraphic position of bentonite C in wells 
3 to 6, and that of the B] sandbody at the base of the 
Viking *(webis 5ato 8);abk to L2), Ssuggest that theo sunit is 
diachronous from the Basal into the Lower chrono-intervals. 

Wells 14 and 15 show that the Joli Fou interval is 
about 15¢feet (406 m) thinnervthan in weliswh3 .andii6éac In 
the former wells, however, the Viking interval is thicker 
and muddier. This phenomenon occurs almost at the northeast 
edge of the B] Sand unit. When this zone is traced to the 
southeast, it coincides with the B}-B2 swale discussed 


éatlbier (Figure'ch6)harTheewriter isvofi(thetopinion that the 
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loss of upper Joli Fou section is the result of seafloor 
scouring. However, the scoured trough was later filled with 
fines--probably during Viking time. 

Bentonite A cannot be reliably correlated in this 
cross-section. However, this horizon should occur slightly 
above the Lg sand; thus, the Upper Viking is not present in 
this area. 

The Loanidgesis; Ber ree speaking, the southeast- 
ernmost ridge member of the Lower Joarcam sand ridge complex 
to the northwest. 

The development of the Lg sandbody in three dimen- 
sions is partly shown in the fence diagram of Figure 19b. 
Wells 50, 51, 57, 58 and 97 are located in the swale which 
separates this ridge laterally from those of the Lower sand 
ridge complex (L3 and L5) to the southwest. 

iInanthemarea oecupted bywwellsn59y7/60, 63y 591, 93, 
94 and 104, two to three laterally restricted thin sands 
appear to migrate to the southwest, and Seen Ea accreted 
Onto the northeast flank of the L3-Lq4 units. These are the 
sand units which interrupt the southeast extension of the 
above swale (well 50, 51, etc.). 

Cores from Lo were studied in four wells aligned 
nearly parallel to the depositional strike of the ridge (see 
Figure 56 for locations). A thick coarsening upward 
sequence of very fine to fine quartz grains characterizes 
the thickest part of the axis, whereas two similar but 


thinner sequences characterize the easternmost well, located 


ered hei be econo aut: OE: noistoes 0% Hot te 


< pitas 
Shed is 


Ve 


ee Be 


ff 


+ +S ohn Whey th pa 


r a 
a a 


HIG, tab 
eed 
“f 
7g 
a 
LG 
Pan 
+ 4 
Pad ies 
| D 


Bat 


oittay 


x? 


‘bavaton poo, vy ite bDew wed touass &. eth 


t3¢0l eax dymodd botuena etd si Meve 


wv 


Sum kct erty pai a 


2] 


aroc Titpeds cos trod wks pmovewait- “tipiads 
x i a iH he 7 ie 


a 
ae ety ee 


my pee. 


Diet aos ed OTe 


tut 


IR 


| Lact nh ybogtase “eihuatla, +O suomyatoyab oat S 


ce tO ee is er to frist dee dgiteryon ads 
oLpiciees i wins ads shebaiii ectirb dhs tetes ehh 


low. deonirxeteag exit 5 eprere eoyroupes sorega | i 


‘oat me RAM TC. cae aes base. gl’ 
: f ws Pe | f ; 


~ 


yh \ Pattaya gisgoiaae ee sohis Be nate 


ihe, teow eal: Deen . ots 20. aches apbit 
; ' on Bie “y) 
a sanswdren r 


abe vie’ ort ih works, visage 
etasok, exact? Bas ia age cies 
wo he weet mee? ¢ flesatet opiat x errr a 
awe ena od fed brs eal) mer: 

oo ‘ 


Pa oO eel ow betaine: sexs oft At) a 
ae PY ee x A 


yitkdadks Nes daa ituod odd. at sapim, oF, 
| wk 


é os 


dietvoto £2, OG Litas) girs 
Eg Sark ere! paeipbute era ol ieee mo oD nf tied 
tr Fay eee Marup ts wi nas mid. ov tok acre ie | 
is poRewtges Apis A J (anntcood 202 nell 4 


ee | ' roe 
HO ACA so xeup eth ot oak). vxey 20 Drath toe 


hime owl, epepodw Jebel. mits 39 theq seoNokda eile 


am ; ; 
a + 
PS, ; ; oa Aan | 
a 7 mE Mo 
; : : 4 ¢ pens Uaey) 7 


143 


on the southwest flank but very near the axis of the ridge. 
The youngest sequence is capped by a very thin onae pebbly 
sand bed. This shaly and glaneonitic sandbody is very 
strongly bioturbated throughout. The detailed descriptions 
of these cores are in Appendix III1l. 

Secetton-O=-O'r (Figures 70; cob)" its*oriented-in’ a 
southwest-northeast direction from Township 37, Range 24 to 
Township 42, Range 18 W4M. The datum is a fairly persistent 
electric log kick near the base of the Formation. However, 
the bentonite E horizon is shown in wells 1 and 5. 

The northeastern edge of the L7 ridge member of the 
Lower sand complex (wells 1 to 3) migrated to the south- 
west relative to the datum and thickened at the same time. 
These wells lie to the immediate southeast of the Joffre 
complex. Wells 4 to 6 lie in the swale which distinguishes 
the Joarcam complex from the Lower sand ridge complex. 

Northeast of well 6, the B3 sand unit lies at the 
base of the Formation in wells 6 to 14. The overlying LJC3 
unit attains maximum thickness between wells 10 and 11, then 
thins and pinches out to the southwest before well 6. A 
thin muddy sand overlies it imbricately and appears to over- 
Vapwehne edge or theviy*iunres  Nnorcheast-orewerl- it, the BYC3 
unit thins and appears continuous with the southeastern mar- 
cineoreecne hdCe eUn. Len Wwelwis *l6raniet) This yrs due tothe 
almost equal thickness of both units in this area. The 
latter ridge then thins and grades into mudstone in well 22 


above a very thin sandstone (BJCgo) which underlies it 
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between wells 15 and 22. Between wells 12 and 22 the LJC3 
and LJC4 ridges are covered by a sandy mudstone which also 
terminates Viking deposition in the area. 

In general, these Joarcam ridges appear to have been 
static, and the stratigraphic positions of the L7, LJC3 and 
LJC4 ridges in the section indicate that they are chrono- 
Eaxial., 

the lateral jrelabionship.of ;the;LJC3,and LJCy.ridges 
is better shown by section R'-R" (Figures 77,85c) which 
trends south-north from Townships 39 to 41, Range: 21 W4M. 
This section shows the flanks of the LJC3 unit to be covered 
with mudstone, while its northeastern edge (well 6) either 
coalesced with or was overlapped by the LJCq4 ridge (well 8). 
The latter interpretation would imply a southwesterly 
direction .o£ inigration for LUCA: 

Section S'-S" (Figures 78,86a) trends southwest- 
northeast from Township 38, Range 24 to Township 45, Range 
19 W4M. The base of the B3 sand and a fairly persistent 
electric .well,.log.kickin.wells.l eto 50, sand.10.,to 26; res- 
pectively, were used as datum horizons. The B3 sand unit 
lies at the base of the Formation in wells 1 to 10. Another 
relatively thin lateral equivalent ig.correlated at the base 
of the Formation in wells 24 to 26. Both units are overlain 
in wells 9. to .26.by the BJC, unit which thins:to the south- 
west. Well 1 is located in the swale which separates the 
Joffre complex laterally from the Joarcam complex. 


Thée gJCaurhdge.,, (wells .24to 4 mignated to..the 
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southwest relative to the datum and thins in the same direc- 
tion. The northeastern wane of this sandbody (wells 6 and 
7) is possibly overlapped by the northwest margin of the 
LJC3 unit. Well 11 is located in the interridge swale 
between the LJC3 and LJC4 ridges. The sandstone is capped 
by a thin sandy mudstone from wells 10 to 12. The thickly 
developed LJC4 sandstone (wells 13 to 15) shares a common 
sandy swale (wells 16 and 17) with the LJCs unit of wells 

19 and 20. If the southern edge of the LJC]2 reservoir 
Sandstone (well 22) is distinct from the LJCs5 unit (well 21), 
and there is better indication of it elsewhere, LJCj? pinches 
out to the northeast before well 23. Northeast of well 20, 
these ridges are imbricately overlain by a thin sandy unit 
which extends as far as well 26. 

Section T'-T" (Figures 79,86¢b) is another southwest- 
northeast oriented section from Township 43, Range 24 to 
Township 47, Range 20 W4M. The top of the BJCo unit is the 
datum. The BJCo sandbody, which thins to the southwest, is 
the first clean sand to be deposited in the area. The over- 
lying LJCs=LICg complex appears tovhave migrated tothe south- 
west between wells 1 and 13. This unit pinches out before 
reaching well 14 to the northeast, and also beyond well 1 
to the southwest. 

The lateral relationship between the LJC5-LJCg and 
theYyLIC?S in ™wellsyl4%to \L62is"not clear’ “However ,--the 
LJC]2 may overlap the northeastern slope of the former unit 


up to well 9, and in turn be overlain by muddy sand beds 
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between wells 13 and 16. Alternatively, the LJC,9 may pinch 
out before reaching well 13 to the southwest. In this 
interpretation, well 13 would be located in an interridge 
swale which was later filled with muddy sands which also 
capped both sand ridges between wells 9 and 16. The fairly 
sharp lower contact and gradational upper contact of the 
upper sand in well 13 suggest that the second interpretation 
may be more likely. 

Section U'-U" (Figures 80,86c) is oriented southwest 
northeast from Township 43, Range 28 to Township 49, Range 
20 W4M. Two distinct but laterally restricted electric well 
log kicks were used as datum planes from wells 1 to 7, and 
wells 7 to 20, respectively. Bentonite C served as datum 
for wells 20 to 25. The B3 sand unit at the base of the 
Formation between wells 1 and 6 was the first sandbody to be 
deposited in this area. This was later followed by the BJCo 
unit which is better developed in wells 19 and 20, thins and 
terminates rather abruptly to the northeast before well 22; 
whereas, to the southwest, it thins gradually and grades 
into mudstone beyond well 14. The stratigraphic position of 
BIC, in Iweiis72 iV to? 24 hinds es) mis. yenesrsy prior -tepithe 
bentonite C volcanic ashfall. 

The thin double, lens~-shaped LJCg body is correlated 
between wells 3 and 5, where it developed close to the end 
of Viking time. The swale at well 6 distinguishes LJCgé from 
the southern margin of the LJCg sand between wells 7 and 10. 


The northeastern edge of this unit is overlapped by LJCg 
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between wells 11 and 14 where the LJCg also becomes a mul- 
tiple unit. 

Well 19 is located within the swale which separates 
iGo lLaterally pirom.;the bJCp?: reservoir -unit of. 'wells,<20, to 
23. \ This+sandbody, is; thickest in ‘wells .-22 and: -23));,and thins 
to the southwest pinching out before reaching well 19. 
Another swale at well. 24 distinguishes. the LUC; 5 sand ridge 
from the Beaverhill Lake complex (BBHL}]) of well 25. The 
thin Viking interval underneath bentonite C in well 24 sug- 
gests scouring or non-deposition beneath the Viking within 
this part of the swale. 

The, Sbracigvaphie~pos ition of athe (BBHL 7 nbe ein 
relation to bentonite C indicates that it began to form 
@€arlier than LJCj2.:. The BBHL], LJCyj2 and northeast margin 
Gf the LJCg ridges were |\later capped by :sandy mudstones 
between wells 16 and 25. 

Generally, this cross-section shows the Joli Fou 
interval to be thinner between wells 7 and 10, 14 and 18, 
and 22 and 23, and that the Lower Viking sandbodies (LJCg, 
LJCg and LJC)9) are arranged in an imbricate pattern. 

SectionV '=VicltFiqures 181 87a) is ssouthwest-north= 
east oriented section from Township 45, Range 28 to Township 
51, Range 21 W4M. An electric well log kick and bentonite C 
were respectively used for datum lines between wells 1 and 
20%, «and 20--,and..24. 

The B3 sand is developed between wells 1 and 4, and 


was followed by the deposition of the BJCo between wells 7 
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mpaosct. ~The base of this unit rises and falls relative to 
the base of the Formation, suggesting that Been Or non- 
deposition may have occurred in places. Whereas it thins 
gradually to the southwest and grades into mudstone beyond 
well 7, it appears to thin and terminate rather abruptly 
beyond well 21 to the northeast. 

The LJC7 ridge is recognized between wells 1 and 6. 
The thinning in the latter well and between wells 6 and 7 
(not shown) distinguishes this ridge from the thickly deve- 
weped LJCge Erom- wells 7 to 10. The latter unit also thins 
to the northeast and pinches out before reaching well 13. 

The LJCj}9 body, well developed within the area of 
wells 14 to 18, thins farther to the southwest and overlaps 
Pac. Of the northeastern tlankrol the ldJCg betweem wells 10 
and 13. This sand pinches out toward the northeast before 
reaching well 19. In well 18 it is in turn overlapped by 
the LJC}2 reservoir, which develops maximum thickness in 
wells 2bvand 22. This Unit thins oradually and rises to the 
southwest up to about well 17. Northeast of well 22 it 
thins rapidly and terminates abruptly southwest of well 23. 

The BBHL, sandbody (well 24) formed before the ben- 
tonite C volcanic ashfall. This places the time of forma- 
tion of this sand within the Basal chronostratigraphic unit. 
PiLG riage: .s laterally distinet trom the LUC;> unit because 
of the intervening swale in well 23. The thin Viking inter- 
val below bentonite C in the swale suggests seafloor scour- 


ing or non-deposition in this part of the swale. A similar 
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observation was made in the previous cross-section (Figure 
80). Finally, sandy mudstone units capped the LJCjo, EdICi 9, 
and BBHL] units northeast of well 12. 

Generally, the section confirms the imbricate stack- 
ing of the LJCg, LJCjg, and LJC;,2 and also shows that the 
Joli Fou interval is relatively thinner between wells 4 and 
15. 

Section W'-W" (Figures 82,87b) is a southwest-north- 
east oriented section from Township 50, Range 23 to Township 
51, Range 22 W4M. A distinct and laterally persistent elec- 
tric well log kick below bentonite C is the datum. This 
supplimentary section is another view of the lateral rela- 
tionship between the LJC]0 and LJC)5 units. 

The Basal (BJC,g) sand rises and falls relative to the 
datum between wells 1 and 4. This also suggests erosion or 
non-deposition in places. It finally grades into mudstone 
imewell So ThesLJCy9. which migrated to the southwest and 
thickened simultaneously between wells 3 and 1 is imbricately 
overlain by the southwesterly advancing LJC]2, thickly deve- 
loped between wells 5 and 6. This latter unit thins rapidly 
in well 7 to the northeast. Two very thin sandbeds cap 
these ridges between wells 1 and 3, and wells 4 and 7. 

Cross-section X'-X" (Figures 83,88a) is oriented in 
a roughly west-east direction along Township 51, Ranges 24 
to 23 W4M. A distinct and persistent electric log signature 
is datum. “This section’ shows °the missing interval at’ the 


base of the Viking between wells 5 and 7. The LJCj9 unit 
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Edearly migrated to the west in this area, according to the 
datum. The unit thins eastward and grades Say heen in 
well 7. The relatively thin sand unit which caps LJC}92 
appears to have migrated to the southwest as well. 

A south to north trending section along Range 27W4M, 
Townships 49 to 50, is shown in Figures 84,88b (section 
mor). . The top of the BUC, unit rs the datum.) Relative to 
the base of the formation, the BJCp appears to have shifted 
toward the south and thinned in the area of the section. 

The LJCg unit attains maximum thickness development between 
wells 1 and 4, thins to the northeast of these wells up to 
well 8. The latter well is located in the swale which dis- 
tinguishes this unit. from the LJC]], which is recognized 
from wells 9 to 12, develops maximum thickness in wells 10 
to ll, thins to the northeast and pinches out immediately 
beyond well 12. the northern flanks, of the LJCe and! LJC77 
units are capped by thin sands. Cross-sections B toy ave 


sketched in Figures 85 to 88. 


Fence Diagrams 

Two fence diagrams (Figures 89a,b) were prepared for 
the-Jsoaream- and Beaverhill-Lake tsand-ridges:* The top of the 
Formation is datum. Figure 89a covers the southern Joarcam 
sand ridges within Townships 38 to 44, Ranges 16 to 28 W4M. 
The identities of wells in the diagram are given in Appendix 
Tid. In this diagram, sands of the Basal chrono-interval 
include the B3, restricted to the southwestern half, an un- 


designated sand in the northeast which is a time equivalent 
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Figure 85. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 74 for location): 
a) p'-p" 
b) Q'-Q" 
c) R!-R" 
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Figure 86. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 74 for location): 
a) Stag" 
b) T'-T" 
c) U'-y" 


neh, | és | 
St eh ers rica > imide 


+ ee dolor. Lindel ates re Waves! -— 


ay he} axe taal alana angi djs 
—. ‘ w 

seat rayieye ear mh rein, ma 
all weds “tae 


pa qe Boome 


A 
i ry 
‘ 


at ie Ph 
iu 
4 ee re 
aE canmnre 1) 
a Bi rae emer memphis a 
ae Wee er a 
oa 41 onde ain py oops ebeopme in isos ae 
‘ Oe : 
oe 


NE Ree anne ter i? 


ro 


Steg ay ah alin at vt ah f | Kak 
Pat Se ews oe i) carat ” 
eu bs ed den ; 


var he 


A cyerey tt Si yee + a 
a ioe rics Bons ig 7 
rash. d 


ie i ek tadbiade ticues anenp 26 isda beuttmeuaet) "| 
| nye Las, et HS “pee s09) ark se-REOTD. 

i i) P; rar F 7 7 ns y Man's (o 7 

, phy a | a Per Boe al i top. tip a ” 


Met igo 7 


= 


Oe a a shel juas ce i ; 
¢ ¢ a ” : * i oe 
] / ua 
i ‘ ye 
ee i li 
" 4 7 aa ' ~ 
= { u ph f is 


153 


Figure 87. 
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Generalized sketch of gross sand distribution in 
cross-sections (see fig. 74 for location): 

a) Vt-v" 

b) Wwr-w" 


2) 


ge o 4 seal ee her artes 


—_ 
] 
i 
| 
*) 
| 


7 fe ee 


smth ee ye aaa mare sa 
‘ewe a 
ry Mt ye ae 


be me aces 


unt" , » jbo 


La 


~ ~ 


ro ae + es Satelinteteass 
scar. i Me aT tae 
See acta 
ane - 1 imptretesstee thai Pre 1 Sl pte 
ais ze 
ak Ned muha My Dive gatkip I6 itxtatie Basi taney 
s(atiidaool “ot ST “pit ete} endissee“aaos 
7 ip FY {rp 
"td 
on _ Le “ 
‘ in t 7) F 
=i 75. ¥ ; ‘ 


154 


a) 


Figure 88. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 74 for location): 
a) Xtra 7 
b) yt-y" 
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OL, Bs, and the later BUC, unit restricted to the northcentral 
part. All these units are relatively very thin and trend 
northwest-southeast. 

The B3 sandbody pinches out to the northeast between 
Ra OL OWL eC 1 Site ct Oe uy Ont On Done et Onl 260.45, 
BetOg4 4 LOO,  OlantOsd, / pm ond. o. tO S2.. The northeast 
fame equivalent of the B, unit pinches out to the west 
petween wells 23 to 48,47 to 48, 49 to 50, 66 to 67, and 
70 to 71. The BUC, unit pinches out eastward before reach- 
wag wellsc70;. 767, 50, 45 and westward before wells 81, 61, 
o>, 29 and 40. 

The Joarcam ridges of the Lower chrono-interval 
mneiude the LUC, to IJCg units, withthe exception of LJC7. 
Table 1 is a list of the locations of the swales and their 
general characteristics. This will aid in interpreting the 
fence diagram of Figure 89a. 

Figure 89b covers the northern Joarcam ridges within 
Townships 45 to 52, Ranges 19 to 28 W4M. It extends farther 
to the east up to Range 16W4M to include parts of the 
Beaverhil] Lake sandbodies. (The diagmuam showsj}the-Bs unit 
to be restricted to the extreme southwest corner and to 
pinch out to the northeast between wells 16 and 17, 17 to 20, 
Pde oto 19s inevlJC aunties better developed in this 
area. This unit pinches out to the southwest between the 
Followingawetlss | l4vand 157 b/ sto20, 49 and 50, 53.and: ‘54, 
and 91 and 92; to the northeast it pinches out between wells 
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Interridge Swales Shown in Figure 89a 


Sand Ridges 


Limiting 
Swale 
£5 LJC}/LJC2 
2. LJC2/LIC3 
are LJC9/LIC¢ 
4, LJC3/LIC, 
ay LJC5/LJC12 
Gre _LICS5/LICg 
a hes LUC6/LJCg 


ee 


a 


Wells Encountering 
Swale 


7T8 , ATD, 48.0 


5D, AO oe 


Swale 
Characteristics 


Poor sand deve- 
lopment. 


Multiple thin 
and poor sand 
development. 


Poor sand deve- 
lopment. 


Mainly thinning. 


Multiple thin 
sand develop- 
ment. 


Multiple thin 
sand develop- 
ment and over- 
lap relation- 
ship. 


Poor sand deve- 
lopment. 
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As an aid to interpreting the diagram for the 
northern Lower Joarcam ridges, Table II lists location and 


characteristics of the swales that separate them laterally. 


Core Analysis 

Comes recovered fromethe. LJC> and LJG}2.ridges,.from 
one and five wells, respectively, were studied. Their loca- 
tions are shown in Figure 74, and their descriptions given 
i Appendix ITI). 

The LJC2 core, which is cut from the southwestern 
Margin, Shows a coarsening upward textural gradient from 
mudstone to a black and brown chert pebble conglomerate bed 
Wilotw ts 7.5 cm thick. 

Of the five wells which cored through the LdgC79 
ridge, three are located roughly along the axis, and two are 
on the northeast flank. The ridge axis appears to be com- 
posed of very thin cycles of coarsening upward sequences 
with sharp contacts in places. Seven such cycles were 
recognized in one well. A normal cycle begins with biotur- 
bated bentonitic mudstone at the base and ends with coarse 
sand on top. No pebbles were concentrated in the cores; 
only isolated black chert pebbles oe here and there in 
the unit. There is no apparent textural gradient along 
gepositional, strike. In contrast, Sand” units from the 
northeast flank are thinner and finer grained relative to 


the axial ones. 
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Table 2 


Locations and Characteristics of 
Interridge Swales Shown in Figure 89b 


Sand Ridges 
Limiting 
Swale 


DC /, 
Beaverhill 
Lake units 
LIC} 5/LIC} 
LJC}2/LJICg 


LJC12/LJICs5 


LICg/LICg 


Meler fade lea; 


LJICg /LJIC yy 


LICg/LJC4 
(northwest) 


LICg/LJC7 
(southeast) 


Wells Encountering 


Swale 
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5 OO Oe 


partly in 16 and 17 


Swale 
Characteristics 


Poor sand deve- 
lopment. 


Poor sand deve- 
lopment. 


Poor sand deve- 
lopment. 


Problematic-— 
overlap rela- 
tionship or 
undefined poor 
sand develop- 
ment. 


Thin sand deve- 
lopment and 
overlap rela- 
EPOnSiii.o. 


Poor sand deve- 
lopment. 


Poor and multi- 
ple thin sand 
development. 


thin sand deve- 
lopment. 


Poor sand deve- 
lopment 
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of the Lower Joarcam Sandstone Ridges 


Though the diagnostic bentonite controls are weak in 
the area, where they do occur they show that the Lower 
Joarcam sand ridges were deposited during the Lower chrono- 
Sevatigrnaphiconntervak: 

Unlike the other Lower sand ridge complexes, the 
Joarcam ridges are intimately associated with the Basal sand 
units (B3 and BJC,). Missing section at the base of the 
Viking in places tends to suggest that the top of the Joli 
Fou was scoured in some areas. Scouring and/or non-deposi- 
tion may have been contemporaneous with Viking deposition 
during the Basal chrono-interval in places. 

The Lower chrono-interval was a time of major sand 
deposition, as reflected in the twelve ridges. These ridges 
migrated in a southwesterly direction. In places, this 
resulted in an imbricate arrangement, especially for the 
northern ridges. The swales which surround most of the 
ridges may have been current paths. The uncertain lateral 
relationship of the LJC5 and LJC]9 ridges around Townships 
42 to 45, Ranges 19 to 21 W4M should be resolved by drilling 
as this may be of economic importance. 


Upper Viking sands were not developed in this area. 
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D. Sandstone Ridge Complexes of the 
Lower Chrono-Interval: A Summary 

During the Lower chrono-interval, areas of sandstone 
development were generally displaced southwest of those of 
the Basal chrono-interval. Three major areas of isochronous 
sand deposition are recognized, and designated Lower, Joffre 
ava-vgoarcam. From 4: to 12 sand ridges were. developed at 
the same time in these areas, and are thus referred to as 
Sand ridge complexes. 

Ridges are generally elongate, linear and parallel; 
however, single, double, curved and complex shapes are also 
present. They trend northwest-southeast, with some varia- 
Eilon in direction. Most are asymmetric in cross-section 
with gentle northeast and steep southwest margins. The 
thickest sand development is in the southeast of the Lower 
complex. Most ridges migrated toward the southwest (land- 
ward), which resulted in an imbricate arrangement of sand 
ridges in most areas. Swales surrounded the ridges and com- 
plexes. The distribution of some chert pebble conglomerate 
beds is related to these swales. 

Missing thickness at the base of the formation and 
within the Viking in places is indicative of non-deposition 
and/or scouring before or during Viking deposition. 

Sand deposition terminated earlier in the northwest 
and northeast than to the southeast, and is reflected in the 


distribution of later Upper Viking sandbodies. 
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E. The Basal Beaverhill Lake Reservoir Sandbodies 


The zero isolith contour northeast and east of the 
Lower Joarcam sand ridge complex (Figure 74) follows a 
northwest-southeast trending swale which separates this com- 
plex laterally from the southern part of the unmapped Basal 
Beaverhill Lake gas sands to the northeast. These sand- 
bodies were transected with two cross-sections located in 
Figure 75. The wells in the sections are identified in 
Appendix In. 

Section Z'-Z" (Figures 90,92a) trends southwest- 
northeast from Township 49, Range 22 to Township 51, Range 
18 W4M. Bentonite C (wells 1 to 4) and a distinct electric 
log signature (wells 4 to 10) were used as datum horizons. 
The LJC12 ridge attains maximum thickness in wells 2 and 3, 
thins and rises to the southwest, and overlaps the northeast 
edge of the underlying BJCp unit in well 1. To the north- 
Gast, L0C;> Dinches out rapidly woerore reaching well 4.- The 
latter well is located in the swale which distinguishes the 
above ridge from the Beaverhill Lake sand units (wells 5 to 
MEO") s 

A poorly developed thin basal unit (BBHL} ) overlain 
by a relatively thick well eer cionen cand unit {BBHL>) con— 
stitute the Beaverhill Lake complex. The basal unit thickens 
and thins and shales out to the southwest near well 3. The 
BBHL2 unit attains maximum development in well 6 and pinches 
out to the southwest near well 4. Northeast of well 6, it 


thins and grades into mudstone beyond well 10. A mudstone 
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micerval, thicker to the northeast, overlies the sands in 
the section. 

Relative to the datum, defined by bentonite C and 
the top of the Formation, the Beaverhill Lake sand units 
Pooned) Carlier than the LJC}5 unit, with the BBHL> unit 
being chronotaxial with the BJCp unit. Hence the placement 
in the Basal chrono-interval. 

Section A"-A" (Figures 91, 92b) is oriented south- 
west-northeast from Township 45, Range 19 to Township 48, 
Range 16 W4M. A fairly distinct and persistent electric 
ewe OGekick near the basevoLlmrhne -EBuL uni tis the datum. 
However, the position of bentonite C is shown in well l. 
This section is a northeast extension of section S'-§" 
(Figure 78). In this cross-section,. the BBHL] unit is res- 
tricted to the area between wells 8 and 12. Southwest of 
the latter well, the interval between the base of the Viking 
and the datum thins and thickens. This may be indicative of 
non-deposition and/or scouring before or during Viking depo- 
Sition. ‘The BRBHLD.overeteps the EBHinwunit ina south- 
westerly direction between wells 2 and 9. Northeast of the 
latter well, these units are muddy and poorly developed. A 
thin muddy sand sheet caps the Formation in this area. Well 
1 is located in the swale which separates these units 
laterally from those of the Lower Joarcam complex to the 
southwest. The Beaverhill Lake sand units are shown to have 
developed before the bentonite C volcanic ashfall. Genera- 


lized sketches of these cross-sections are shown in Figure 92. 
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Figure 92. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 74 for location): 
a) Mage ald 
b) A"=-aA"' 
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The three-dimensional development of the Basal 
Beaverhill Lake sand units is shown in the eastern part of 
Figure 89b. The fence diagram shows the BBHL)] to be res- 
Peactea tO the central part, while the BBHL> oversteps it in 
ail directions, -~but divides into’ muitiple-/units to the 
extreme north. These northwest-southeast trending units are 
confined to the west of wells 1, 34, 68, 70, 107 and 108 and 
essentially tov theteasty of twebls)4,63200- 0319 -37'76045975;, 101, 
Ol; Lr, LLG. and L174. 

A relatively thick muddy interval, better developed 
tin the south, is*the top of the Viking in this area and con- 
Linues intoethe® area ofthe LJC;5 "member of the Lower Joarcam 


complex. 
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CHAPTER VII 


SANDSTONES OF 
THE UPPER CHRONOSTRATIGRAPHIC UNIT 


By definition, the Upper chronostrabkigraphic giiteis 
delimited at the base by bentonite A, and at the top by 
either bentonite A, or the top of Viking Formation. Sand- 

- stones formed during this period are referred to as Upper 
Viking sandbodies. 

Three major terminal Upper Viking sand complexes 

were recognized, and designated as Upper Western (UW), Upper 


Central (UC), and Upper Eastern (UE). 
A. Upper Eastern Sandstone Ridge Complex 


Isopach Map 

The isopach map of the Upper Eastern sand ridge com- 
plex is shown in Figure 93. The complex is located approxi- 
mately within Townships 19 to 31, Ranges 16W4M to 22W3M, and 
extends in a southeasterly direction beyond the map area. 
The axis of maximum development trends northwest-southeast 
for more than 150 miles (242 km). Maximum width and thick- 


ness are, respectively, about 48 miles (77 km) and 125 feet 


(38 m). The latter is developed near the Alberta-Saskatchewan 


boundary around Townships 23 to 25. 


The complex is linear and asymmetric on an isopach 
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map; the asymmetry being characterized by relatively broad 
southwestern and fairly steep and indented northeastern mar- 
gins. The steepest gradient along the northeast margin marks 
the approximate northeast ridge of the underlying L3/L4 ridge 
members of the Lower sand ridge complex. Three pronounced, 
thick 'noses' characterize the southeast portion of the 
complex. Generally, the Upper Eastern sand complex comprises 
at least three discrete sand ridges. 

A northwest-southeast trending line from Township 30, 
Range 16, through Township 27, Range 7, to Township 24, Range 
2W4M (see Figure 94 or Lacation) runs.alohg a Reba ae 
tinuous in places with the underlying L9/Lq4 swale. It is 
this swale that distinguishes UEp and UE; sand units to the 
southwest from the UE? to the northeast. The stratigraphic 
relationships between these units are best illustrated in 


cross-sections. 


Cross-Sections 

The stratigraphic cross-sections used to study the 
Upper Eastern complex are located in Figure 94. The iden- 
tities of wells in the sections are given in Appendix Io. 
The principal bentonites plus prominent electric log kicks 
were used as datum horizons. 

Section B"-B™ (Figures 95,97a) trends northwest- 
southeast from Township 32, Range 14 to Township 24, Range 
25W3M in southwest Saskatchewan. This orientation follows 


the axis of maximum sand thickness of the UE sand ridge. 
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Bentonite E is the datum though its position is only 
inferred southeast of well 18. From wells 4 tare bentonite 
Relves ‘near~the *base-of the mudstone joverlying the Lg units. 

Maximum sand development in the UE2 ridge occurred 
from wells 16 to 18 located near the boundary of Alberta and 
Saskatchewan. Northwest of this area, the unit thins, over- 
laps the Lower Lg units between wells 10 and 11, and finally 
pinches out before reaching well 1. Fairly clean sand 
development parallel to the fepositional strike also occurred 
to the southeast between wells 19 and 20. Much of this 
growth was later in time and constitutes the southeastern 
nose, herein designated UE3. 

Figure 47 (section Z-Z') shows a fairly similar 
relationship between the UE2 unit and the underlying Ly, 
units. 

The Upper Eastern Sand complex is correlated between 
weblis 68and D3 of ®section NaNYPathigure '31)yo° This portion tof 
the section consists of three fairly distinct and discrete 
sand units (UE}, UE2 and UE3) stacked one above the other in 
anaimbricate “or “Offlaptpattern: 

Bentonite 7AS6ceurs néarethc top ofethe Ly “member of 
the Lower sand ridge complex between ‘wells 1 and 6. The 
poorly developed southeast margin of the UE; unit overlaps 
the Ly ridge in*wells 9 to 4 as it migrated to the southwest 
from wells 10 and ll. 

The southern nose of the UE2 sandbody, thickly 


developed in well 12, thins and overlaps the UE, unit in 
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turn between wells 6 and 11, beyond which it finally pinches 
out ‘before well) 5sh-Nertheast-ofpwellwl2 ‘it bbs rather 
abruptly and may have essentially shaled out beyond well 13. 

The southwesterly migrating UE3 unit overlaps the 
UE2 in turn at well 12 and grades into mudstone at well 11. 

Section S-S' (Figure 38) is a northeasterly exten- 
Sion of section O-O' (Figure 32) with wells 1 to 6 in the 
former section overlapping with wells 16 to 19 of the latter. 
Bentonite A lies on top of the thin oa chaeat Sdgesom the Lo 
member of the Lower sand ridge complex between wells 1 and 4 
in Figure 38. The sandy mudstone unit which overlies 
Peoronice Aninethese wells cecupies the iposttiuon of the UE}: 
unit, better developed to the southwest of this section 
(Figure 32). The well developed sand unit which caps the 
formation in wells 1 to 3 represents the western nose of the 
Wena (scech 1 gure 9 337 Wel lsi4 Randesfare itocated cin raatransi— 
tional area or swale which separates the western nose of the 
UE? fromthe mainaVE? ainit ito the northeast: 

The main UE? sandstone is best developed between 
wells 8 and 9, becoming muddy to the northeast. Relative to 
the datum, the UE2 sandbody appears to have migrated to the 
southwest between wells 6 and 8 and possibly overlaps the 
edge of the L2 unit between wells 4 and 5. The rather flat 
base of UE2 between wells 9 and 13 may indicate that this 
ridge was fairly static for some time. The UE3, thickly 
developed in well 11, caps the UE, from wells 8 to 13, and 


Pinches out to the southwest. 
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Southeast of section S-S', wells 9 to 19 of section 
O-O' (Figure 32) show the relationship of the UE} sand to 
Bae western nosesor the UE2. 7 ;thesvby, nwhichhissthickhy 
developed in well 13, lies on top of bentonite A above the 
northeast margin of the L] member of the Lower sand ridge 
complex between wells 9 and 15. UE, is then overlapped by 
the western neeauot the (UBgtunit;y-thickest incwell?l16,. from 
wells 13 to 15.° The muddy sands of wells 18 and 19 are 
located within the swale between the western UE2 nose and 
the main UE2 sandbody. 

The sand and muddy sand units at the base of the 
Formation in wells 1'to 6; :and.9 to 13 in: Figure 39 (section 
T-T') are, respectively, the northeast margin of the L2 and 
scutheasthbedgesofethebhywridgeemembersnoft >the Lower sand 
complex. The units are laterally separated by the L92/L,4 
swale located in wells 7 and 8. Bentonite A lies near the 
top of these units. 

The UE, sandbody lies above bentonite A on top of 
eherL gunit betweentwellselland) tegritheaunitlisethiekly 
developed in wells 1 and 2 to the southwest, thins to the 
northeast, and pinches out near well 7. It appears to have 
migrated to the southwest relative to the time horizon of 
bentonite A. 

Relative to the datum, the thin northeast margin of 
the main UEz body between wells 14 and 24 appears to have 
shifted fairly rapidly to the southwest and moved over the 


underlying Lg unit from wells 13 to 11. Southwest of well 
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12 the UE2 breaks into a number of sand units etn prominent 
shale breaks in the swale (wells 3 to 9) and overlaps the 
UE, between wells 3 and 6. The portion of the swale pene- 
trated by wells 7 and 8 is characterized by relatively thin 
sand development throughout Viking time. 

Section D-T's (Figurec39))is«roughly. aj northeast 
extension of Figure 33 (Section P-P'). In the latter 
section, another thin sand unit, designated UEo, forms above 
bentonite A and is restricted to wells 16 to 22. The thickly 
developed UE}],unit in,well 24.thins as it rises‘ to the 
southwest, overlaps the UE5 unit in wells 20 and 21, and 
pinches out beyond these wells. 

In Figure, 40-(section’ U-U'!)*+ the thin UE5 sand unit 
overlies bentonite A between wells 1 and 5. Relative to 
this datum, it appears to have shifted rapidly to the south- 
west, but did not go much beyond well 1. 

Thesnorthwesternypartsor vi) isyfairly) well. developed 
in well 8. This sand also shifted to the southwest, over- 
Pappingpthe, YEA unit-ingwelly5. Northeast of }weldi- 8) the 
unit does not appear to have reached as far as well 9. 

The E and A bentonite horizons show the main UE? 
sand unit to have migrated to the southwest. It thickens 
with multiple shale breaks in well 10 where it overlies the 
Lg units. Farther to the southwest it is poorly developed 
(well 9), but may have overlapped the UE] in wells 7 and 8. 

The cross-section best demonstrates the diachroneity 


of the UE9 unit, its time relationship with the Basal and 
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Lower sandbodies, and their imbricate pattern of arrangement. 
Section C™-c™ «(Figures 96, 97b) is’ oriented ‘approxi- 
mately north-northwest to south-southeast from Township 31, 
Range 8 to Township 29, Range 7 W4M.. Bentonite E is the 
datum. The horizons of bentonites D and C are also shown 
Be veen wells land 5. ihe soucheast margin,or the thin By 
unit shales out before well 6. The sedimentary evolution of 
the UE2 sandstone began just before the time of bentonite D 
as a very thin sand unit in wells 1 and 2. This was subse- 
quently followed by incremental accretion of thin sands 
which successively overlapped older units to the southeast. 
Thus, the base of these units is higher and younger to the 
southeast. The thickest development of UE2 in well 9 
probably occurred in this manner, but was perhaps enhanced 
by a relatively higher rate of subsidence to the southeast. 
KTfaivly, Similiar GLowcm pattern 101 Che sUunD ridge in 
EmoouLNWester ly Gi reculom is apparent’ from welis “I -to6"or 
Prgure Yo (section D-DD"), “wells — to 270f Figure 16" (section 
E-E'), Figure 42 (section W-W'), and Figure 43 (Section 
X-X'). In these sections, however, it is thought that the 
southwesterly incremental growth of the early (time of ben- 
tonites D and C) part of the UE ridge was terminated by 
meuet Of the O3-ly units, waichivsi ited slightly tothe 
northeast just before the bentonite A volcanic ashfall. 
This was subsequently followed by the deposition of the main 
UE2 sandbody. 


These sections demonstrate fairly well the 
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sequential growth stages of the UE2 sand ridge in the area. 
The imbricated growth pattern is very similar to that docu- 
mented.and reposted by Evans (1970) for the thin Viking sand 
members of Dodsland-Hoosier areas of southwest Saskatchewan, 
to be discussed later. 

Section R-k (Figure 3/7) gives a fairly good indica= 
paon Of the imbricate’ relationship between the UE, UE. and 
the western nose of the UE? ony the depositional strike of 
the underlying Ly sand ridge member of the Lower sand 
complex. 

The thin northwestern edge of the UE2 sandbody is 
shown in Figure 48 (section -A'-A") to rise to the southwest 
and thin beyond well l. 

Cress sections B-Band C™-C™ are sketched in 
Figure 97. 

Figure 98 shows the depositional development of the 
Upper Eastern sand complex and itsS spatial and time rela- 
tions to adjacent sandbodies. It covers the area bound 
approximately by Townships 20 and 32, Ranges 24W3M and 
I3W4M. The identities of wells in the diagram are given in 
Appendix IIf. 

The southeast margin of the By sand unit occurs in 
the north-northwest of the diagram in wells 66, 67, 69, 81 
to 83, 85 to 87 and 89. The eastern nose of the UEg is 
shown? in.welDs? 5 ‘to 15; the’ southern*nose in wells 1 to 14; 
and the western nose in wells 7, 8 and 12 to 2l. 


The swale between the western nose and the main UE?2 
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Figure 97. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 94 for location): 
a) B'=-B"! 
b) cc" 
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Sandstone 2#s.located.,in-welds,13,ehJvand 22, while that 
eeeween. the UF) fanduURa-occurs) inawellis,21,/367137,.48°and 
49. These swales are characterized by relatively thin muddy 
sand development throughout Viking time. 

The overlap relationship between the UE 2 and the 
underlying Lg units is shown in wells 46, 50, and 61, while 
that between the UE] and UE 2 ridges occurs in wells 2, 8 ana 
1: and between wells 11 and 21. 

Although the.imbricate growth pattern,of the UE? 
ridge is not very well shown because of the thin units 
involved, it could be determined in the area of wells 
b2-O9-OO=S)=400 anagson (827606-65-64. 

The asymmetry of the UE9 ridge is obvious in the 


Giagram. The base and top of the Viking in the area slope 


down to the northeast relative to the horizon of bentonite E. 


Core Analysis 

Data on the internal characteristics of the Upper 
Eastern sand ridge complex were provided by 26 wells which 
recovered cores from different parts of the unit in Alberta. 
The thin UEo9 sand unit was cored in 5 wells, 2 of which also 
recovered cores from the northwest pinch-out edge of the 
overlying UE;.- Cores from the southwestern and northeastern 
margins of the main UE, sanbody were cut in 7 and 8 wells 
respectively, while cores from 4 wells were recovered along 
the ridge axis. One well recovered cores from the swale 
between the main UE2 unit and its western nose; while cores 


from the swale between the Upper Eastern sand complex and 
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the Upper Central sandbody were recovered from one well. 
The locations of the cored wells are shown in Figure 95. 
Detailed core descriptions are in Appendix IIIk. 

Cores cut from the UEp and overlying UE, sandstones 
indicate that they are each composed of a thin coarsening 
upward textural sequence. .However, only the’ UE] is capped 
by a thin pebbly sandstone bed which decreases in thickness 
and size of pebbles to the southeast. 

Cores from well 11-24-30-5W4M show the Viking-Joli 
Fou contact to be fairly sharp, with the upper part of the 
Joli Fou very calcareous. 

A very thin fining ‘upward textural sequence with 
small black chert pebbles at the base was observed near the 
zero isopach in well 10-35-30-4W4M. The rest of the north- 
east margin studied is internally very similar to the Basal 
and Lower sand units. However, it is capped by a thin black 
chert pebble conglomerate bed, interlaminated with dark 
shale and grey mudstone in places. The pebbles decrease in 
Size towards the ridge axis. 

TicwtOvp elt UL ceoOmmain osu Ol ones centina |: part 
of the ridge axis shows no textural variation. However, a 
very thin black chert fine pebble sandstone bed was observed 
at the top of the axis in one well. The northwestern part 
methe axis is composed of 0.2°%0 0.6 m thick sand units 
separated by shale and sandy mudstone intervals 7 to 15 cm 
thick. The sand units are homogeneously very fine to fine 


grained. A characteristic fining upward sequence about 
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60 cm thick from black chert pebble conglomerate at the base 
to shale at the top lies near the base of the marine 
Lloydminster shale approximately one meter above the top of 
the Viking in well 6-23-30-14W4M. 

The longer cores from the southwest margin showed no 
vertical textural variation except that the pebbly sandstone 
cap is thicker and of larger chert size in the swale than 
near the axis. 

In general, the largest pebble sizes observed were 
evormesthe=northeast f£ilankyY “The-upper*part» of the UE> unit“is 


cleaner than the lower part. 


Summary 

Upper Eastern sandbodies were deposited east and 
southeast of the Lower sand ridge complex. Three northwest- 
southeast’ trending paraltel-ridges=(UBS7 UE}, UE) *consti- 
tute the complex from southwest to northeast. However, the 
thick UE2 unit developed western, southern, and eastern 
noses within the southeast part of the map area. The 
eastern nose, where recognized, is the UE3 unit. 

Whereas the UEo, UE] and UE3 sandbodies were formed 
during the Upper chrono-interval, the, UE began during the 
Basal chrono-interval and continued ‘to the end of Viking 
time in most areas. Thus, the UE2 ridge is the most dia- 
chronous single Viking sandbody encountered in the study 
area. 

The UE] unit is separated laterally from the main 


UE2 body by a swale continuous, in places, with the 
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underlying L2-L4 swale. In other areas, especially in the 
southeast and southwest, the two sand units are imbricately 
stacked. The UE2 ridge also displays a similar arrangement 
pattern internally. This imbricate arrangement is consis- 
tent with a southwesterly direction of migration deduced for 
these ridges. It is the shoreward mudstone facies of 

these units which overlies the Lower sand ridge complex in 
the area. 

The "upslope" decrease in the size of observed chert 
pebbles at. the top of the UE unit supports the interpreta- 
tion that the distribution of some of these beds was closely 
related to topographic relief. 


B. The Viking Sandmembers in the Dodsland-Hoosier-Smiley 
_ Areas of Southwestern Saskatchewan 


Evans (1970) recognized six thin sand units in the 
Dodsland-Hoosier-Smiley areas of southwest Saskatchewan. He 
aesiqnated them :0,-N; M, Ll, LU, and) K, in the order of 
Geposition. His nomenclatural system is closely followed in 
this discussion. He noted that members are thin, linear, 
subparallel, and trend WSW-ENE, which is at a fairly high 
angle to the more usual northwest trend of the Viking sand- 
bodies discussed so far. Younger eee overlap older 
units progressively to the south. Multiple diverging axes 
for a single member are characteristic. Thinning and broad- 
ening of the sand units along their axes of maximum thick- 
ness development are common features. Chert pebble 


stringers are present, and a few sand members have pebble 
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concentrations at the base. 

Evans did not show the time and spatial relation- 
ships of these sand members to those of the adjacent Upper 
Eastern sand complex.of the present study. To this end five 
stratigraphic cross-sections oriented in various directions 
have been constructed using diagnostic electric well log 
kicks as datum horizons. Locations a SS 
are shown in Figure 94, and the identities of some wells in 
the sections are listed in Appendix Io. 

Figure 10 (section A-A') indicates that deposition 
of these sand units occurred during the Basal chrono- 
intervals as bentonite C or K (in the terminology of Evans, 
1970) lies on top of the 'M' member in wells 7 and 8. Wells 
5 and 6 are located in the swale which separates the M and N 
units laterally from the thin northeast pinchout edge of the 
Weoebodvaot welled .1oWelinSwofericnures 997 (sectionsD"=D"") 
suggests that the swale was scoured in places, as up to 
10 feet (3 m) of section is missing at the base of the 
Viking in this well. Piercy thin fining upward textural 
gradient near the northeast zero isopach of the UE2 unit, 
reported earlier, is about 20 miles (32 km) northwest of the 
scoured Viking base in well 5. 

The observations of Evans (1970) concerning the 
depositional pattern and development of the Viking sand 
members of the Dodsland-Hoosier area are further streng- 
thened by the three south-north trending sections E"-E™ to 
G"-G™" (Figures 100, 102). . However, they show that the 


imbricating pattern is more complex to the south, thus the 
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poorly-developed younger units (LL, LU, K) are very diffi- 
cult to differentiate in the area. Most OPER REL: how- 
ever, they illustrate how these units migrated onto the 
northeast edge of the UE2 sandbody. This relationship can 
me Seen between wells 9 and 10 of Figure 100, 9 and 12 of 
Peoure LO1, and 10,and LL of Figure 102,, and:is poorly 
depicted in the north-northeast of Figure 98. Thus, the 
change from WSW-ENE (N to LL) to WNW-ESE (LU, K) with time, 
in the trend of the thick axes of the main bodies of mem- 
bers, as shown in Evans' Figure 13, is not Surprising. 
This could be attributed to the impedance of the UE2 ridge 
to the youngest members as they migrated closer, probably 
eventually to be accreted onto the ridge. The three areas 
of overlap define a northwest-southeast trend which repre- 
sents the zero isolith for the Upper Eastern sand complex in 
that area. Figure 102a shows sketches of sections E"-E™ , 
Peete atid 6G) G are 

The extension of Evans' oldest, 'O', member in 
Aihertasis, correlated from wells 28 to 32 (Figure 39). This 
Sands uit *issbout-13..5 miles .(223km) @rom the northeast 
edge of the UE2 sandbody. A swale area (wells 25 to 27) 
characterized by very minor sand development separates the 
units laterally from each other. A detailed comparison of 
the electric logs of wells 27 to 29 suggests that about 4 
feecinw( 1425 m)of asectionsis: missing satathetbdseiof ithe ‘0’ 
Unie in well) 28.e"This area lies to the southeast of the 


Provost area where similar missing sections were described 
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Figure 102a. Generalized sketch of gross sand distribution in 
cross-sections (see fig. 94 for location): 
a) E"'—pl 
b) Pup 
Cc) Giacnt 
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earlier. 
The writer is of the opinion that the time and spa- 


tial relationships of the Dodsland-Hoosier-Smiley sand units 


to the UE2 unit, coupled with a similar depositional pattern 


and history, are sufficient evidence to suggest a common 
genetic mechanism for both units, despite the difference in 


trend. 
-C. The Upper Central Sandstone Ridge 


The Upper Central sand ridge, designated UC, is 
located within Townships 22 to 25, Ranges 14 to 17 W4M. The 
isolith map of part of this sandbody is shown in Figure 93. 
A maximum thickness of 145 feet (44 m) is attained at the 
centre of the base of Township 24, Range 15W4M. Thus, it is 
the thickest single Viking sand unit encountered in the 
study area. Maximum length and width do not exceed 20 miles 
(32 km) and 8 miles (13 km), respectively. The sandbody is 
Pimear and fairly symmetrical trending northwest—southeast. 

A swale characterized by very little sand develop- 
ment surrounds the unit completely, distinguishing it 
laterally from the Upper Eastern complex to the northeast 
and the Upper Western complex to the southwest. 

Wells 1 to 7 of Figure 34 (section Q-Q') show this 
sandbody to be best developed near wells 4 and 5, with 
sharp lower and upper contacts, the former becoming grada- 
(ional to. the southwest in well 3. The unit thins rapidly 


and pinches out before reaching well 7 in the northeast and 
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well 2 in the southwest. These wells are located in the 
surrounding swales. 
The UC sandbody is fairly symmetrical, plano-convex 


Moward, and rests on a 15 foot (4.6 m) thick mudstone unit 


which overlies the southwest edge of the Lj ridge. The base 


coincides roughly with the a bentonite horizon. Bentonite AS 
occurs at a fairly constant position near the base of the 

Lloydminster shale approximately 15 feet (4.6 m) above the 
top of the Viking between wells 3 and 14. Oil is produced 


from the northern margin of this sandbody. 


Core Analysis 
Four feet (P22)  m)and’40 feet’ (12+2"m) “of cores “were 


recovered, respectively, from the top of the southeast and 


northwest margins of the Upper Central sandbody in two wells. 


The cored wells are located in Figure 94 and fully described 
in Appendix III1l. 

No apparent interNal textural gradient was observed 
in the thick core recovered from the northwest margin. A 
S0Vcm thick*black®and brown -ehert* pebble ~(lo5 "cm longest 
diameter) conglomerate caps the unit in the southeast. In 
the northwesterly well, only 1% inch (3.75 cm) of this bed 
appears to have been cored. The longest pebble diameter 
observed is 8 mm, only about one half the size of those in 


the northwest. 
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D. The Upper Western Sand Complex 


The isopach map of the part of the Upper Western 
sand complex in the study area is shown in Figure 103. This 
complex is located in front of the central foothills of 
Alberta within the area bound roughly by Townships 24 and 
36, Ranges 18W4M and 6GW5M. The complex trends northwest- 
southeast and continues beyond the limits of the map area. 

Although well coverage in the area is relatively 
less dense, certain regional trends are discernable. Two 
linear and parallel northwest-southeast trending sandbodies, 
designated UW] and UW2, lie along the southwest border of 
the complex. The northeast apron (UW3).%appears to consist 
of northeast-southwest trending digitating thin sand units 
probably continuous with UW] and UW2. 

The UW; and UW2 sandbodies are transversed by south- 
west-northeast trending swales characterized by isopach 
ehznning; “two! form the-fLormer, *onev for the Latter. . Thus, the 
swales impart a chain-like configuration to the units. In 
the southeast, the 40 foot contour line separates the sand- 
bodies laterally, and no wells are drilled within the swale. 
Similarly, no wells have been drilled, to the immediate 
northwest of this area. Thus, the northeast and southwest 
edges of the UW, and UW2 sandbodies, respectively, are not 
accurately resolved and mapped. The thickly developed UW 
sand unit attains maximum thickness around Townships 25 and 


26, Range 28W4M, just northwest of the city of Calgary. 
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This unit extends along strike for more than 72 miles (116 kn). 
Maximum width varies between 15 and 24 miles (24-39 km). 

The easterly and northeasterly apron of the complex 
is constituted by about four relatively thin sand units 


separated by five swales. 


Cross-Sections 

Three Stratigraphic crogs-sections, utilizing fairly 
distinct and persistent electric well log kicks as datum 
horizons, were used to study the depositional development of 
this sand complex. The diagnostic bentonites are very dif- 
ficult to recognize in much of the area, especially in the 
southwest where the Joli Fou becomes very sandy and diffi- 
cult to differentiate from the overlying Viking and under- 
lying Blairmore, probably because of the nearness to the 
strandline. The poor electric well log resolution in this 
area further compounds the problem of bentonite recognition. 
The cross-sections are located in Figure 104, while well 
identities are given in Appendix Ip. 

Section H"-H™ (Figures 105, 108a) is oriented paral- 
lel to the depositional strike of the UW, sandbody from 
Township 32, Range 6W5M to Township 23, Range 27W4M. The 
Base of the Fish Scales marker is the datum. The base of 
the sandy JolivfFow om top of the: Blairmore is difficult to 
establish and correlate northwest of well 5, where they are 
only tentatively picked. The three ridges which make 
up this unit are represented, from northwest to southeast, 


by wells 2 to 4, 6); and 9°to 11 in ithe Section. The two 
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swales which separate them laterally are penetrated by wells 
5 and 8. The funnel-type Shape of the spontaneous potential 
response curve is best shown in the southeast by wells 9 to 
ll and, possibly, well 4 in the northwest. The unit may 
have pinched out to the northwest beyond well 1 and to the 
southeast beyond well 12, as the sandbody thins and becomes 
multiple units in these directions. Growth parallel to the 
depositional strike is more obvious to the southeast. In 
this area, two upper thin sands cap the sequence between 
wells 11 and 12, with the youngest rising to the southeast. 
A Similar relationship may occur above the unit in wells Il 
and 4. The overlying Lloydminster Shale is thickest between 
wells 8 and 10 and thins to the southeast and northwest, 
especially in the latter direction. 

Section 1.3" “(Figures 106, 10eb) sis oriented 
southwest-northeast from Township 26, Range 5W5M to Township 
34, Range 23W4M. Bentonite E is the datum for wells 14 to 
19, while another fairly distinct log kick was used for the 
remaining wells. Relative to the datum, the base of the 
Joli Fou, which is remarkably flat between wells 14 and 19, 
slopes to the southwest beyond the former well and then 
flattens again. Beyond well 8 the baSe can only be inferred 
as the area becomes very sandy. These Joli Fou sands 
behave like regressive-transgressive shoreline sands. 

The Upper Western complex, which started developing 
during the Basal chrono~-interval, or even earlier, is corre- 


lated between wells 5 and 17. Maximum thickness is 
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developed near wells 7 and 8. However, the spontaneous 
pontential curves suggest this may not be coincidental with 
maximum clean sand thickness. The complex thinned and 
graded into mudstone above the L7 ridge member (wells 17 to 
19) of the Lower sand complex. Bentonite A seems to have | 
fallen during the development of the Upper Western sand com- 
pilex in well 17. 

The UW] unit pinches out southwest of well 5. 

Except for the formation of two thin sand units, one of 
which extends up to well 8, no later sand was laid down in 
this area. The lateral relationships of UW,, UW2 and UW3 
are not very clear because of Very poor well” control.) What 
is clear, however, is that successively younger units rise 
to the northeast. The Lloydminster Shale thins to the 
southwest. 

Sections "=0™ | (Pigures 1077) L06GC) 1s oriented 
southwest-northeast from Township 22, Range 2W5M to Township 
32, Range 19W4M. Bentonite E is datum for wells 10 to 21, 
while the base of the Joli Fouor top of the Blairmore was used 
as datum for the remaining wells. Relative to bentonite E 
the base of the Joli Fou is nearly flat between wells 10 and 
21, slopes to the southwest between wells oS .andalO ;.and 
flattens again up to well 4, beyond which it can only be 
inferred. Northeastward imbricating sand units characterize 
Joli,Fou sand units southwest of well 9. 

Sandbodies of the Western Sandstone complex are 


correlated between wells 2 and 17. Maximum sand occurs in 
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well 5 (UW,). With contintued northeast progradation, the 
complex thinned and pinched out before well 18. It overlies 
Epech5, Unit inewell ?l2,.and is higher than the Leé unit 
Paech “occurs ™ingwells ete, 21. “Both th® 55 and Ie ‘units 
are members of the Lower sand ridge complex. A very thick 
Viking muddy interval (wells 9 to 17) separates the Lower 
ridges laterally from the Upper Western complex. The prob- 
mem Of the lateral relations between the UW),—UW2. and UW3, 
encountered in the previous cross-section, re-occurs here. 
The writer believes that the UW, sandbody (well 4) may have 
thinned from wells 5 to 6 and pinched out before well 7. On 
Pierocier-nand,-cthe* UWoe Sandbody~overlaps UW7-in-~wells 4 to 
6, and probably pinches out to the northeast before well 10, 
while the UW3 extends beyond this well and grades into mud- 
stone beyond well 17. Bentonite A may have fallen ona 
sandy bottom at well 17. Little sand deposition (lagoonal) 
ecclrred southwest: of well 2, except for. the overlying 
highest thin sand units between wells 1 and 3. The over- 
lying Lloydminster Shale thins to the southwest. Cross- 


Sections, H'-H"be,-t~1."..-and_ J"-J"’Pare, sketched; in Figure 108. 


Core Analysis 

Cores recovered from well 2 of Perquve 07 preross= 
section J°—=i.45 gndicate that theeuw, is a shoreline sequence. 
No cores from the UW2 sandbody were studied. Eight wells 
recovered cores from different horizons and parts of the UW3 


Sena units. Generally, they are characterized by 1 to 4 
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Figure 108. Generalized sketch of gross sand distribution in cross~- 
sections (see fig. 104 for location): 
a) iE Mopye 
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relatively thin coarsening upward sequences, some of which 
are capped by chert pebble conglomerate beds. The uppermost 
conglomerate bed, where seen, is underlain by a thin dark 
fissile shale. Internally, UW3 cores are radically differ- 
ent from the UW] core and are more Similar to those from 
other sand units of the Basal, Lower and Upper chrono- 
intervals. The locations of cored wells are shown in 
Figure 104, and detailed descriptions are given in Appendix 


PiLim, 


Summary 
Reena the relationship of this complex to ben- 
tonite A indicates that it formed essentially during ‘the 
Basal and Lower chrono-intervals, it was placed in the 
Upper interval because, in places at least, it overlies the 
Le6, L7 and Lg sand ridges of the Lower sand Lies 

The Upper Western complex seems to be constituted by two 
parallel, linear sandbodies (UW; and UW2) which overlap and 
rise to the northeast, the direction of progradation. The 
UW3 may be either the serrated northeast margin of the com- 
plex, or may Ganposene yet another series of relatively thin 
sand units connected, in places, in imbricate fashion to the 
UW5-sand) unit; hence their trend at right angles to that of 
the UW, and UW) sandbodies. 

The area of change in slope of the base of the Joli 
Fou to the southwest defines a northwest-southeast trend 


which nearly coincides with an imaginary line separating the 
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OW, Units trom che" UW; “and” UW> to "the “southwest. This 
change in slope may reflect the configuration of the basin, 
characterizing a more rapidly subsiding southwest anda 
shallower more stable northeast segment during Viking depo- 
sition. However, the Joli Fou is very sandy southwest of 
the line and shaly to the northeast. The thick muddy inter- 
val which separates the Lower sand ridge complex laterally 
from the Upper Western complex represents the distal and 
offshore facies of these units, respectively, as they 
migrated in opposite directions. 

The absence of time-equivalent sand units southwest 
of the UW, sandbody, and the presence of a'thin Lloydminster 
Shale unit indicates that the Lloydminster transgression 
covered the Viking sands in this area and extended beyond 
them to the southwest. More drilled holes are necessary 
before the lateral relationships between the UW], UW) and 
UW3 sandbodies can be finally resolved. The northeast edge 
of the Upper Western sandbody isopach may coincide in places 


with the northeast margin of the Upper Eastern sand complex. 
Upper Viking Sand Complexes: A Summary 


The Upper Viking “sand complexes are restricted ‘geo- 
graphically southwest of a northwest-southeast trending line 
from roughly Township 36, Range 28 through Township 33, 
Range 15 and Township 30, Range 4W4M in Alberta to Township 
24, Range 21W3M in southwest Saskatchewan. In Alberta, this 


line is defined roughly by the northeast zero isolith contour 
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of the Lower sand ridge complex in Figure 28. 

Classification of the Upper Western and Eastern com- 
plexes in the Upper chrono-interval is based mainly on stra- 
tigraphic position and only partly on time, because both 
units seem to have begun during the Basal chrono~-interval, 
and lasted into the Upper, or up to the end of Viking time. 
Thus, they are the most diachronous Viking units in the 
Study area. 

Whereas the Upper Western sand complex prograded to 
the northeast, the Upper Eastern complex shifted south- 
westerly, in the opposite direction, but in a different 
locality. On the other hand, the Upper Central sandbody 
appears to have been relatively static. 

Upper Viking sand complexes are generally younger to 
the southeast, relative to bentonite A, as deposition of the 
Upper Western complex in the northwest ceased earlier than 
did the others. 

Internally, the UE2 sandbody of the Upper Eastern 
complex consists of relatively thin sand units stacked in 
an imbricate fashion with each younger unit displaced pro- 
GQressively to the southwest. Similariy, the larger consti- 
tuent sandbodies of the Upper Eastern,.complex (UE), UE], 
Ue) ralso overlap in an) imbricate pattern. . The ee may 
also be true for the Upper Western sandbodies (UW), UW2, 
UW3). The internal imbricate arrangement pattern of the UE5 
sandbody is fairly similar to that described by Evans (1970) 


for the thin Viking sand members of the Dodsland-Hoosier 
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area of southwestern Saskatchewan. However, these Basal 
sand units onlap oto the northeast edge of the UE? unit 
farther to the south. 

Piesdistrabution of pebbiy beds, in the. UE> unit 
appears to have been related to the topography of the depo- 
Peri Oldlasunbece. maine. lack Of pebbies in) cores | from) the UW}. 
sand unit to the extreme southwest of the study area sug- 
gests that pebble transport during Viking deposition 


occurred mainly well offshore in the area studied. 


The internal characteristics of the UW3 sandbodies 
while fairly similar to those of the Basal and Lower chrono- 


Motos, 1S radically ditterent trom that of, UW i. 
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CHAPTER: Valrd 


SUMMARY OF THE DEPOSITIONAL HISTORY AND 
PATTERNS OF VIKING SANDBODIES 


A northwest-southeast trending line from Township 31, 
Range 27W4M through Township 27, Range 24 and Township 23, 
Range 12, to Township 20, Range 8 and Township 17, Range 4, 
distinguishes the predominantly shaly Joli Fou to the north- 
east from the very sandy Joli Fou and/or Blairmore to the 
southwest. Thus, in the latter area the Joli Fou cannot be 
readily differentiated from either the underlying Blairmore/ 
Mannville or the overlying Viking strictly on the basis of 
lithology. This line, therefore, is roughly the sand-mud 
(nearshore-offshore) line during Joli Fou time. 

In thishstudy;, *novindicationcoii airegionalpunconfor- 
mity at the Joli Fou-Viking contact was observed either 
southwest or northeast of this line. In the latter area, 
however, some stratigraphic section, generally less than 15 
feet (4.6 m), is interpreted to be locally missing at the 
base of the Viking in the following afeas: Provost, Hamilton 
Lake, Joffre, Joarcam, Sibbald and in Township 29, Range 
13W4M. This interpretation is based entirely on a compara- 
tive analysis of electric well log curves in adjacent wells. 
Because the missing intervals seem to be laterally discon- 


tinuous and restricted, they are regarded as due to scour of 
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the top of the Joli Fou Shale. The observed sharp lower 
Beitaces of the southeast and northeast edges of the Ly and 
UE2 sand units, respectively, is regarded as support for 
this interpretation. However, some of the areas of reduced 
section may be simply recording periods of non-deposition. 

The areas with missing section are closely asso- 
ciated with the earliest Viking sandbodies northeast of the 
study area. These were deposited during the Basal chrono- 
interval, bound time-wise by bentonites E and C at the base 
and top, respectively. Localized sand development occurred 
within a northwest-southeast trending area comprising the 
Dodsland-Hoosier areas of southwestern Saskatchewan, and the 
Provost, Hamilton Lake, Joarcam and Beaverhill Lake areas of 
Alberta. 

These sandbodies are mostly linear, and sub-parallel. 
They are characteristically thin, with only a few exceeding 
30 feet (9 m) in thickness. They trend NW/SE except for the 
Dodsland-Hoosier units which trend WSW/ENE. Generally, they 
lie near the northeast border of the study area. Nearly all 
of these sand units are presently reservoirs for either oil 
or gas. 

Parts of the L3, is and *lig™units of “the'‘Lower’ sand 
ridge complex, including the UE2 and UW, sandbodies, were 
also nucleated at this time. 

During the succeeding Lower chrono-interval, which 
spans the time from bentonites C to A, the loci of sand 


deposition shifted to the southwest of the earliest 
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sandbodies, except for the Joarcam area where Lower Viking 
sands overlie the Basal sand units directly. Again, 
localized sand deposition was characteristic, and occurred 
in three fairly distinct areas (Lower, Joffre and Joarcam). — 
This time, however, from 4 to 12 discrete chronotaxial sand- 
bodies characterized each area. Sand units are linear, 
fairly parallel, and generally trend NW/SE. Their general 
configuration at a point in time during deposition is envi- 
saged to be similar to present-day shelf ridge and swale 
topography, with maximum sand ridge thickness rarely exceed- 
ang -60 “feet (18'm).s 

In general, this time interval was that of major 
Viking sand deposition, and the sand units are very distinct 
in time and space. Unfortunately, however, only a few have 
been found to contain oil and/or gas. 

The profile defined by bentonite A indicates that 
deposition of the Upper Western sand complex ceased at about 
the end of the Lower chrono-interval. 

During the terminal Upper chrono-interval, bound at 
the base by bentonite A, and at the top by bentonite A, or 
the top of the Viking, the loci of sand deposition shifted 
to the southwest and to the southeast* of the Lower sand 
ridge complex. In the former area, the Upper Central ridge 
developed within Townships 23 and 24, Ranges 14 and 15 W4M, 
while the major part of the Upper Eastern complex developed 
across the southern Alberta-Saskatchewan boundary. Three 


sandbodies (UE9, UE, and UW,) comprise the Upper Eastern 
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sand complex. Whereas deposition of the UE2 was continuous 
from the Basal to the Upper chrono-intervals, ene other two 
were laid down only during the latter period. The Upper 
Viking sands are generally linear, parallel to one another, 
and trend NW/SE. The thickest single Viking sandbody (Upper 
Central) was laid down at this time. 

Most Viking sandbodies havé an imbricate stacking 
pattern. Three variants of this pattern are recognized, and 
shown schematically in Figure 109. Pattern (a) is the most 
common. It is believed to have resulted from discrete 
chronotaxial sandbodies migrating at possibly different 
rates, but in the same general direction. Good examples of 
Enaese pattern tnclude) the Go-Ly, dig-l5,, LICg-LJCgo sand units 
Omeene LOWer ChLOnOStLratidrapmic unat; and the UES-UE], 
UE;-UE2 units of the Upper Eastern sand complex. 

Pattern (b)._is. charactenistic-of..the internal” geo- 
mMetnyeor the Ul sandbody (of ene Upper hastern complex. 
This pattern of intermittent lateral accretion of thin sand 
units may have resulted from a current system that was 
progressively displaced in the direction in which the sand 
units were migrating. This pattern may have been favoured 
by a relatively higher rate of subsidence. 

Pattern (¢) is typical of the thin Viking sandstone 
members of the Dodsland-Hoosier-Smiley area of southwestern 
Saskatchewan and is fairly Similar to (b), except that the 
latter shows a larger degree of diachronism, while local- 


ized thickening and thinning characterize the former. Evans 
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Figure 109. Arrangement patterns of Viking sandbodies. 
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(1970) related this pattern to east flowing tidal currents 
migrating in a southerly direction with the sandbodies. 
Thus, Selley (1976, x, 371, Figure 155) depicted the general 
pattern Of development for these sandbodies as being similar 
to the intermittent lateral accretion of a point bar deposit 
in a fluvial system. 

The writer doubts that this interpretation, based on 
the stratigraphic positions of these sands and their lateral 
relationships to bentonites MN and K (D and C) is 
unequivocal. Although pattern (c) could be generated by 
sands migrating to the SSE as postulated by Evans, a NNW 
direction of migration also seems possible, in a manner 
Similar to pattern (a). Or perhaps different sandstone 
members may even have migrated in opposite directions. The 
absence of a basal bentonite time-control hinders a definite 
interpretation of the sense of migration of these thin 
Viking sand members. 

However, the localized thickening and thinning of 
members, their stratigraphic relationship to the bentonites 
and the UE2 sandstone, the nearly parallel trend of the 
youngest K member to the UE2 and the regional depositional 
pattern of other Viking sandbodies studied are used to sug- 
gest that the Dodsland-Hoosier-Smiley Viking sand members 
may constitute a large sandwave field, with sands migrating 
either to the SSE or NNW or in both directions, probably 
Similar to those of the present North Sea. 


The North Sea sandwave field trends at high angles 
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to the tidal sand ridges and comprises sandwaves interpreted 
to migrate in opposite (SW and NE) directions, as well as 
some which are static (Terwindt, 1971; McCave, 1971). Close 
to the tidal sand ridges, the sandwave field grades into 

mud and sand patches, thinning at the same time (McCave, 
1971). This attribute is also exhibited by these Viking 
sandstone members as they are very poorly developed near the 
UE2 sandstone. 

Pattern (d) is envisaged for the thin Lower Joffre 
sandbodies. The four thin sand units may have been nucleated 
at the same time. Different rates of vertical and lateral 
growth, probably related to sediment supply and the current 
flow system may account for the inferred pattern. 

A few fairly static sandbodies exhibit different 
geometric configurations. The Upper Central sandbody is 
plano-convex shaped, with a flat base and convex top (ei). 
While the lower contact appears to be sharp to gradational 
the upper is generally sharp. The L5, unit, on the other 
hand, is lens shaped peice: The spontaneous potential curve 
of this unit indicates sharp lower and upper contacts. The 
former may have been scoured in places. 

These imbricate arrangement patterns show the direc- 
tion of migration of the involved sandbodies and may also 
reflect the shifting pattern of the depositing currents with 
time. With the exception of the Upper Central sandbody, 
which was fairly static, and the Upper Western sand complex, 


which prograded in a northeasterly direction, bentonite 
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chronostratigraphy indicates that other Viking sandbodies 

migrated dominantly southwesterly, although those in the 

Dodsland-Hoosier area appear to have shifted in a SSE direction 

onto the northeast margin of the UE) unit. 

These time-Spatial distributions deduced for the 

Viking sandbodies have paleogeographic implications: 

1. The Viking Formation is not a simple deposit of a north- 
easterly or easterly regressing sea. Rather, nearshore 
and offshore sand deposition was contemporaneous, 
migrating in opposite directions, seaward for the near- 
shore sands (UW) and landward for the offshore sands 
(Basal, Lower and Upper Eastern units). 

2. The thick mudstone interval between the nearshore and 
offshore units is a consequence of this opposed pattern 


of sand migration and progradation. This pattern explains the 
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northeastward decrease if the thickness of the mudstone interval which 


separates the Lower from the Upper sandbodies in the 
horthwest. To the southeast; “however, this mudstone 
interval is partly the distal facies of the Upper Eastern 
sand complex migrating to the southwest. The opposed 
directions of migration of these sandbodies, coupled 

with higher rates of subSidence and deposition to the 
southwest of the study area, plus the regional sediment 
dispersal pattern, may explain why the Viking Formation 
is thicker but contains less sand in the southwest, 
whereas the reverse is true for the northeast, as 


observed by Boethling (1977b). 
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The Lloydminster transgression probably progressed from 
the northwest toward the southeast, and if so, was 
Boreal affiliated. 

In general, the easterly and northeasterly decrease in 
thickness of the Formation is not directly related to 
direction of regression, or distance from shore, but 
appears to be a consequence of the sediment dispersal 
mechanisms and patterns. 

Net opposing directions of sediment movement would sug- 
gest two dominant sediment dispersal mechanisms for the 


Viking sandbodies. 
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CHAPTER gL 


SEDIMENTARY FACIES ANALYSIS 


On the bases of lithology, sedimentary structures 
and textures, and ichnofossils (trace fossils), two quite 
different facies sequences are recognized in the Viking 
cores from the study area. Facies were identified either by 
comparison with possible recent analogs, or on the basis of 
the predominant physical or biological characteristic. 

These facies are described and interpreted below from bottom 


ZO COD. 
A. Sedimentary Facies Sequence A 


Eleven facies were recognized and identified in 
cores from the UW] sandbody in well A.N.D. No. 1,710-14-23- 
1W5M, located approximately 5 miles (8 km) south of Calgary 
(see Figure 104 for the well location, and Figure 110 for 


the spontaneous potential curve). 


Mudstone Facies (AT) 


a 


This facies is about 6 feet (3 m) thick and consists 
predominantly of dark grey massive mudstone at the base, 
becoming silty and sandy towards the top. The sand occurs 
as laminae and lenses, rippled in places (Plate IA). Irre- 


gular contorted bedding and nodular pyrite are common 
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Blectric log curve of Viking barrier island (UW). 
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Plate I 


Viking facies sequence A: Barrier Island, 
UW, (Ebb Tidal Delta and Transitional Facies) 
Well A.N.D. No. 1, 10-14-23-1W5M 


Silt and fine sand laminae, some rippling (a). Upper 
part of Prodelta mudstone facies; 6477 ft. 


Contorted bed with sharp base and pyrite nodule (D) with 


occluded sediment. Prodelta facies;, 6475.2c. 


Sequence of low-angle cross-stratification, bioturbated 


(Terebellina sp. (c)) at base, overlain by ripple trough 


cross-lamination (d) capped with horizontal Janeane 
Lower delta front facies; 6470 ft. 


Sequence of plane lamination, clay laminae, clay clasts 
(e), planar low-angle cross-lamination, plane lamination 
and clay drape. Upper delta front facies; 6465-6464 ft. 


Weakly bioturbated unit of interbedded sandstone and 


shale. Transitional (marginal channel) facies;  646250c. 
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eacures, (Plate, IB)....Bioturbation is generally. rare. 
Interpretation 


The sediments reflect deposition largely from sus- 


pension in a relatively low energy environment. As shallow- 


ing occurred, the area waS occassionally invaded by rela- 
tively stronger currents which deposited and rippled the 
Silt and very fine sand laminae and lenses nearer the top. 
Syndepositional slumping produced the rheotropic structure. 
Absence of bioturbation may be indicative of rapid deposi- 
tion. The occurrence of nodular pyrite suggests that this 
facies was rich in organic matter, and that consolidation 
occurred in a reducing environment. This transitional facies 
is thought to have been deposited in a -Pro—delta 
environment but within the Lower shoreface zone, partly 


because of its relationship to the overlying facies. 


CrOss-ottatil ied Fine-Grained sanastone Facies ((ATTL) 


Facies AI grades imperceptibly upward into the 
cross-stratified facies. This facies is approximately 12 
feet (4 m) thick, and comprises clean well sorted cross- 
stratified sands with dark clay laminae. Average quartz 
grain size varies from 0.08 mm at the base (Plate IC) to 
0.26 mm near the top (Plate IE); .that .is,.very fine, to 
medium sand, showing a coarsening upward size gradient. 

Low angle, medium scale cross-stratification is the 
predominant sedimentary structure. Cross-set thickness varies 


from 5 to 30 cm. This cross-stratification type is 
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repetitive and is either succeeded by small scale ripple 
trough cross-lamination and terminated by a low-angle cross- 
Jaminated thin (2.5 cm) sand set, (Plate IC), or capped with 
dark clay laminae (base of Plate ID). lLow-angle cross- 
stratification may also be succeeded by very thin horizontal 
lamination and terminated by dark clay laminae (Plate IE). 
Plate ID also shows clay clasts underlying a cross-strati- 
ered unit. In places, foreset laminae are draped with very 
thin carbonaceous clay. Except for the trace fossil in 
Plate IC, which is Similar to Terebellina sp. described from 
the Lower Cretaceous Dakota Group of Colorado by Chamberlain 
(19787 p. 175; Plates 109 amd 110), ichnofossils are 
generally rare. This trace fossil is also similar to the 
"aonut burrow" of Boethling (1977b). Pyrite nodules are 


also occasionally observed (Plate IC). 


Interpretation 


The gradational and textural relationships between 
this and the underlying facies suggest a related genetic 
mechanism. However, deposition of the cross-stratified 
facies occurred in a shallower and higher energy environment 
in which traction transport and bed Toad deposition were the 
dominant Sedimentary processes. 

There is a cyclical vertical succession of the sedi- 
mentary structures described, indicative of a repetitive 
decreasing flow regime typical of a wanning unidirectional 


current. A similar repetitive succession of sedimentary 
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structures was observed in interpreted tidal sand flat 
deposits of the Lower Cretaceous Dakota Group near Denver, 
GCelorado, sMackenzie,(1975)..° He attributed their genesis to 
repeated alternations of tidal currents and wavy slack water. 
Masters (1967) recognized a similar succession of sedimen- 
tary structures in the Mesaverde Formation and interpreted 
the unit as a flood tidal delta based on its position above 
PreyDarrier beach facies. The cuspate—ebb-tidal delta facies 
of the Eocene Tordilla Sandstone of Texas, described by 
White and Galloway (1977), contains discontinous clay lenses 
and drapes, abundant mud chips and larger clasts, and both 
disseminated and placer carbonaceous plant debris, besides 
trough cross-bedding, sandwave bedforms and horizontal 
Sttratification. 

Based on the succession of sedimentary structures, 
lithology, coarsening upward textural gradient, similarity 
to other ancient deposits and stratigraphic position, the 
writer believes that this facies, together with facies AI, 
may represent an ebb-tidal delta facies. It is en- 
visaged that during each ebb-tidal flow, sandwaves with 
superimposed ripples migrated seaward. Suspension deposi- 
tion of mud and clay resulted under slack water conditions 
Pimtne tidaki cycle. Occasionally the tidal currents were 
strong enough to scour and redeposit clay clasts in bedform 
troughs, and at other times they were so weak as to permit 
deposition of carbonaceous clay drapes on foreset laminae. 


The absence of ripple cross-lamination in the 
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coarser cross-stratification sets higher in the section may 
be due to the narrow range of velocities in which they *form 
aS grain size increases. Flume studies by Southard and 
Harms (1972) show that ripples give way to lower regime flat 
bed phase in sands coarser than 0.6 mm. 


Interbedded Sandstone, Mudstone 
and Claystone Facies (AIIT) 


Facies AII appears to grade upward into the inter- 
bedded sandstone-mudstone-claystone facies. This unit is 
about 3 feet (1 m) thick and consists of sandstone, mudstone 
and claystone of various thicknesses. Sandstone beds are 
light grey, fairly well ocd and fine to medium grained. 
Bed thickness varies from 0.6 cm to 7.5 cm. A few beds 
exhibit a coarsening upward tendency and weak stratification 
(Plate IF); otherwise, an ungraded appearance is charac- 
teristic. 

The mudstone and claystone interbeds are generally 
structureless and less than 2.5 cm thick. Ichnofossils are 
rare, but where found they affect only the suspension depo- 


Sits (upper half of Plate IF). 
Interpretation 


The depositional environment of this facies is one 
of fluctuating energy conditions with bedload deposition 
alternating with suspension settlings of fines. The strati-— 
graphic position and relationship to the underlying and 


overlying units suggest a transitional environment for this 
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unit, possibly a secondary marginal ebb-tidal channel 
similar to the "spill-over" ebb-tidal channel of Oertel 
(2975). It is envisaged that the environment was relatively 
protected much of the time, but was occasionally invaded by 


relatively stronger currents. 
Bicturbated Sandstone Facies {AIV) 


The bioturbated sandstone facies succeeds the under- 
lying interbedded sandstone-mudstone-claystone facies AIII. 
she basal 7 cm of this unit consists of small mud and clay 
clasts embedded in a medium to coarse sand and capped by a 
thin clay laminae. This unit appears to rest on a scoured 
top of the underlying facies (base of Plate IIA). 


dstone is about 13 feet (4 m) 
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thick and consists of dark grey, moderately well sorted fine 
to medium crained sand. The average quartz grain size coar- 
sens upward from 0.2 mm near the base to 0.4 mm near the top. 
Discontinuous wavy clay blebs and wisps are more abundant in 
the lower part. Irregular bedding and low angle simple 


cross—-siratification are preserved in places (Plate IIB). 


-ion decreases upward from strong to 
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moderate. Characteristic trace fossils include an uniden- 
tified funnel-shaped burrow up to 10 cm deep disrupting 


mination (Plate IIA) and fine sand mottles at the base, 


followed upward by micro-‘trace fossils (Plate IIB)- 
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Plate (he 


Viking facies sequence A: Barrier Island, 
(Middle Shoreface, Shelf, Upper Shoreface-Beach Facies) 
Well A.N.D..No. 1, 10-14=-23-1W5M 


Sequence of basal scour (a), clay clasts (basal lag), 
shale lamina, bioturbation (funnel shaped burrow, 
disrupted lamination, some mottles of fine sand). 
Base of Middle shoreface facies; 6457 ft. 


Horizontal and low-angle cross-stratification types pre- 
served in a btoturbated (micro ichnofossils) une. 
Middle shoreface facies; 6453 ft. 


Pyritic flasers (c,d) and interbedded claystone (e). 
Transitional (shoreface-offshore) facies; 6451 ft. 


Sharply based (f), planar, low-angle cross~-stratifica- 
tion. Upper shoreface-Beach facies; 6449 ft. 


Horizontal stratification. (beach-type). Upper shoreface- 
Beach facies; 6447 ft. 
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Interpretation 


The upward decrease in the degree of bioturbation 
and clay content are consistent with the coarsening upward 
textural gradient. These indicate that the subenvironment 
of this facies was one of high energy level with general 
increasing competence. 

The internal characteristics. of this facies are 
generally similar to those of middle shoreface sediments of 
the Recent Galveston Barrier Island of Texas described by 
Bernard et al. (1962); and to those of the homotaxial Lower 
Cretaceous Muddy Barrier Island described by Davies et al. 
(1971). However, stronger currents (storm?) may have 
Beaeed Or winnowed the top of the underlying unit, account- 
ing for the basal characteristics observed. This basal unit 
may even be a local phenomenon. 

Generally, middle shoreface sediments are deposited 
an 5 to 30 feet (1.6 to. 9 m) of ‘water characterized by 
shoaling and breaking waves whose energy level increases 
with decrease in water depth. This inverse relationship 
(increasing energy level with decreasing water depth) ex- 


plains the structural and textural gradients observed. 
Plaser—-beddedu@iaystone Bacresy (Av) 


The middle shoreface facies grades upward into a 
10 cm thick, pyritic, fine to medium grained sand and mud 
flaser unit (lower part of Plate IIC), followed by a 45 cm 


thick, dark massive, claystone (middle part of Plate IIC), 
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and terminates with another 6.5 cm thick fine sand and mud 
flaser bedded unit (upper part of Plate IIC). The unit is 


approximately 62 cm thick. 
Interpretation 


The sedimentary structures and lithology of this 
facies indicate a transitional environment in which the 
predominantly higher energy levels of the underlying unit 
changed to one with a fluctuating energy level (lower sand- 
mud flaser unit). This was succeeded by a relatively low 
energy level (middle claystone), and finally a return to 
fluctuating energy conditions as reflected in the upper 
sand-mud flaser unit. 

Réineck (1975) observed flaser and lenticular bed- 
ding“to be~characteristic BE he Beene Ge ranore transi- 
tion zone in the North Sea. Transgression would allow 
deposition of marine clay above it, and vice versa. It is 
therefore thought that the deposition of this transitional 
facies was related to a minor transgression within a predo- 


minantly regressive condition. 
e-OSs stratified Sandstone Facies (AVI): 


This-unit rests sharply (scoured surface?) on the 
underlying transitional marine facies (left base of Plate 
Meiji. Lt re about eLaetect «4 mM) cthick, and consists of 
light grey, clean, very well sorted, medium grained, cross- 


Stratified sand. No apparent grain size variation is 
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visible except for an occasional lamina or segregation of 
finer grained heavy opaque minerals shown in Plates IIE and 
IIIA. These plates also show the characteristic planar low- 
angle cross-stratification and plane lamination of this 
unit. Neither shale laminae nor bioturbation is observed. 

Similar sedimentary structures and textures have 
been documented in modern barrier beach environments by 
Bernard etal... (1962) ,.Dickinson et ad. (1972) and, in 
ancient deposits by Berg (1976), Davies (1976), Hobday and 
Tankard (1978), and others. This facies is therefore simi- 
larly interpreted as upper shoreface-beach environment 
characterized predominantly by wave swash and back wash pro- 
cesses. Thus, it represents the highest physical energy 
level and the shallowest water level in the local deposi- 
tronal’ milieu. 

The sharp (eroSive?) basal contact and the absence 
of middle shoreface sediments beneath this facies suggest a 
rapid rate of regression following the local transgression. 
Somewhat Similar vertical facies relationships were observed 
and similarly interpreted by Weber (1971) and Roep et al. 
(1979) for the barrier islands of the Niger delta and Spain, 


respectively. 
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Plate: (i2t 


Viking facies sequence A: Barrier Island. 


UW] (Upper Shoreface-Beach, Lagoonal, Mixed Tidal Flat Facies! 


A. 


Well A.N.D. Now 27 sl0714-235-—1WsM 


Heavy mineral band. Upper shoreface-Beach facies; 
64425. 


Root traces. (r), pyrite and a coaly horizon (h). 
Folian (dune) facies: 6438 £2. 


Silt and/or very fine sand laminae in weakly bioturbate 
mudstone, some mudcracks (?) (m). Lagoonal facies; 
6430 7iCees . 


Peat-like organic accumulation Lagoonal marsh facies; 
6420 8EC: 


Plant stem (p). Lagoonal under-marsh clay facies; 
Ga Lome. 


Burrow in mudstone filled with coarse sand. Mixed 
tidalstilat facies: 16395) 2c. 
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Structureless sandstone Facies (AVIT) 


The upper shoreface-beach facies grades upward into 
the structureless sandstone facies. This unit is 37.0 cm 
thick, and consists of relatively clean, fairly well sorted 
fine to medium-grained sand (0.25 mm). 

The unit is generally structureless except for 
vertical carbonaceous and coaly traces (Plate IIIB) indica~ 
tive of roots and rootlets. The upper part LS IpY ra oxCc en A 
very thin coaly bed terminates this facies. No paleosol 
horizon was recognized. 

Biter racteoe is filer peeled ds vogetated: eoltan’ dune 
deposits behind the beach. Modern eolian deposits are 
characterized by festoon and planar cross-lamination. 
However, in older analogs, these structures have often been 
destroyed by roots and groundwater circulation. Their 
recognition, therefore, relies heavily upon root traces and/ 
Or paleosol horizons: (Davies vetpal. 1971). 

An observed decrease in quartz grain size from beach 
to eolian facies is also common to most Gulf of Mexico Holo- 
cene barrier islands (e.g.- Mustang and Padre). It also 
occurs in the interpreted Lower Cretaceous Muddy barrier 


island at Bell Creek, Montana. 
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Carbonaceous Mudstone - Facies (AVIIT) 


ie ne et Ra Ne 


The eolian dune facies grades upward into about 5 
feet (1.5 m) thick dark carbonaceous mudstone. The carbona- 
ceous materials occur mostly as thin coal streaks and 
laminae within the basal part of the facies (see Appendix Va 
fOr core photograph). This facies is interpreted as poorly 


vegetated back barxier mud flat deposits. 


magocual > Facies (Alx) 


The vegetated mud flat facies grades upward into the 
lagoonal facies, approximately 35 feet (11m) thick. This 
facies consists of three cyclically stacked subfacies, and a 
thin sandfacies of random occurrence. They are discussed 


from base to top. 


a) Lagoonal Dark Grey Mudstone Subfacies (AIxXa) 

This dark grey mudstone facies occurs three times. 
The lowest occurrence is directly above the back barrier mud- 
flat facies. The unit consists essentially of dark grey 
mudstone with very fine silt laminae (Plate IIIC) and rip- 
pled fine sand lenses. Bioturbation, carbonaceous traces, 
and disseminated pyrite are common features of this unit. 
Thickness ranges, trom 4 tO LU feee (isz tO 3.8 im). “THIS 


subfacies is interpreted as the normal lagoonal subfacies. 
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b) Lagoonal Muddy Sandstone Subfacies (AIXb) 

This muddy sandstone facies is generally less than 
Zefeet (60 1cm): thick.) «The unit appears to overlie the above 
tagoonalivfacies’ qradationally J521t “consists of fine to 
medium grained, poorly sorted, muddy sand. It is generally 
massive although faint lamination can be seen in a few 
places; the upper part is bioturbated. These thin sand beds 


are intervreted as storm generated washover deposits. 


c) Lagoonal Rooted Peron Mudstone Ssuplackes (AIXc): 

The greenish mudstone facies overlies either the 
washover deposits or the lagoonal deposits. It occurs twice 
stratroraphically, '1.5 feet (0.45 Ci) tando peet (155. /em) 
thick, respectively. The rock has varying shades of green 
coloration with either a fissile or massive character. 
Carbonaceous streaks of roots and/or stems are common fea- 
tures (Plate IIIE). This facies may represent early marsh 


or marsh underclay deposits. 


d) Lagoonal Peat Subfacies (AIXd) 

The peat facies was also recognized at two levels. 
It always overlies the early marsh or marsh underclay depo- 
Sits yiemderanges in thickness from about 2.5 to 4 feet 
(023° to ream )Facithe tunih tconessts oF dark brown carbona- 
ceous. in part flakey to friable, peat-like material; root 
traces are common (Plate IIID). This facies is interpreted 
as marsh deposits. 


The vertical succession of these lagoonal facies 
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from bottom to top is as follows: dune ——> vegetated mud 
flats —-> lagoon —> washover —~+> lagoon — > early marsh/ 
marsh-underclay ——> marsh —» lagoon ——» early marsh/ 
marsh-underclay ——> marsh. This cyclic facies succession 
appears to reflect a fluctuating sea level typical of an 
unstable tectonic environment. However, also plausible is 
the occurrence of small islands in the back barrier lagoon. 
In this case, regression and subsidence alone could explain 


the observed superposition of the subfacies. 
Sandy Mudstone Facies (AX) 


The lagoonal-peat subfacies grades upward into this 
sandy mudstone facies which is about 13 feet (3.0m) thick. 
The mudstone beds are dark grey and massive. Lenticular 
Silt laminae are, however, common at some levels. The beds 
are moderately burrowed in places, and a worm-like burrow 
filled with coarse sand (Plate IIIF) was observed at one 
horizon. Coaly laminae and carbonaceous streaks are common 
features. The sandy beds in the unit are less than 60 cm 
thick and concentrated at the base and middle. They are 
medium to coarse grained, muddy and moderately to strongly 
bioturbated. 

This facies is interpreted a lagoonal-mixed tidal 
flat sediments. The thin sand beds may have been generated 
by storms or represent micro channel deposits. Reineck and 
Singh (1975})7statedCthatetidalmlagoons are developed more or 


less like tidal flats; thus, their differentiation may be 
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difficult. Phleger (1969) included the protected back 
barrier tidal mudflats and the landward intertidal mudflat 


deposits as lagoonal deposits. 
Cross-Stratified Sandstone Facies (AXI) 


This cross~stratified facies begins with a basal 
scour (Plate IVA) on the underlying tidal mudflat facies. 
chs is followed by a lower clean, fairly well sorted, 
medium grained (0.33 cm), cross-stratified (trough?) sand- 
Senne “Unity about os yreect ().0.m) thick.” Clay clasts up. to 
2 cm in longest diameter are randomly dispersed near the 
base. A horizon of imbricated lenticular clay clasts up to 
3 cm in longest diameter (Plate IVB) terminates this unit. 

A relatively clean, fairly well sorted, finer- 
grained~sand unit, about 30 cm thick and cross-stratified 
(planar?), succeeds the lower unit. This cross-stratified 
Set, in contact with the clay clast horizon: (Plate IVB), has 
an apparent dip in the opposite direction to that of the 
next underlying cross-stratified set. The unit is capped by 
a 2.0 m thick silty mudstone lamina. 

A 40 cm thick micro-trough cross-laminated, finer- 
grained (0.14 mm), fairly well sorted, muddy sand unit 
succeeds the second unit. 

This facies is £Linally capped by a 5 foot (1.5m) 
thick sandy mudstone bed whose uppermost 15 cm portion con- 
sists of medium to coarse grained, poorly sorted sands 


interbedded with light grey weakly bioturbated mudstone beds 
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Plate IV 


Viking facies sequence: Barrier Island, 
Well A.N.D. No. 1, 10-14-23-1W5M, ‘UW]- 
(A, B = Tidal creek channel facies); 
Shoreface connected sandstone UW3 
(C, D = Bioturbated mudstone, Heterolithic facies); 
and Patinated Chert (E). 


Sharply (scour).based trough cross-stratified unit with 
clay’ ciasts.: Base of .Tidal .Creek ichannel :facies; 6390 fa 


Herringbone-like cross-stratification with clay clasts 
along set boundaries. Middle part of Tidal Creek 
channel facies; 6385 ft. 


Horizontal laminated (1) scoured and overlain by ripple 
lamination (r), in -turn draped with iclay, (2) wae 
scoured top and capped by horizontal laminated sand. 
Bioturbated mudstone facies (UE3); LALTA C.P-O/GiWayne 
7-21=27-10 W4M; .3805.-fe.)- 


Tidalite sequence of alternating low-angle sand laminae 
and thin carbonaceous mud laminae, horizontal laminated 
sand and mudstone capped by shale. Heterolithic facies 
(UW3);7 C.P.0.G. Clark: Hussar 6-0/~25-20) W4M; 39/2 


Patinated Chert: black exterior (a), whitish grey 
interior with black rime Go) eC 1e.O.GaaW  shu@saag 
6-18-27-20 W4M; 3853 ft. 
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containing abundant carbonaceous streaks. 
Interpretation 


The vertical succession of sedimentary structures 
and the general finning upward textural gradient exhibited 
by this unit are consistent with a fluvial channel (point 
bar) deposit probably capped by overbank mudstone containing 
thin crevasse splay deposits. 

However, on the basis of the mudstone laminae, the 
apparently oppositely dipping cross-strata sets, the thick- 
ness of the unit (6 feet--2.0 m), and the overlying facies, 
the writer is of the opinion that a tidal creek channel on a 
tidal mudflat is the most likely environmental setting for 
these deposits. Under this interpretation reversing tidal 
currents moved bedforms in opposing directions, while the 
mudstone laminae represent tidal slack water deposits. 

A probable modern analog may be found in the tidal 
mudflat-tidal creek environments of the Netherlands and 
Germany described by Reineck (1963, 1967); and possibly, the 
macro-tidal Ord River of western Australia described by 
Coleman and Wright (1978). In the latter example, isolated 
tidal creek channel sandbodies are preserved in tidal mud- 
flat deposits with extensive overbank crevasSing. 

Finally, the Viking succession in this well termi- 
hates-with a3 foot (1.0 m)-thick green-carbonaceous mud- 
stone, followed by,1.5-feet, (0.5 cm) (of dark brown. carbona- 


ceous matter. These deposits are Similar to the lagoonal 
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marsh underclay and marsh deposits described earlier, but are consi- 
dered to be tidal creek related overbank deposits. 

The dark marine shale of the Lloydminster Formation 
succeeds this unit, bringing Viking time to a close. 

Figure 111 is a vertical facies sequence model of 
the UW, sandstone unit. The slabbed core photograph is 
shown in Appendix Va. The uppermost 8 feet (2.5 m) was not 


slabbed and therefore is missing from the photograph. 
Barrier Island Discussion 


The Viking barrier association of lithofacies is 
broadly similar to that of the Recent prograding Galveston 
barrier island described by Bernard et al. (1962) and to 
that of the Lower Cretaceous Muddy Formation at Bell Creek 
Montana, interpreted as a barrier island by Davies et al. 
(1971). However, the Viking sequence differs from the other 
two in the presence of a thin transgressive marine claystone, 
and especially, in the sediment characteristics of the lower 
shoreface zone. 

In the Galveston-Muddy regressive facies models, the 
upper shoreface-beach facies grades uninterruptedly downward 
into the middle and lower shoreface facies. In the Viking 
sequence, however, the ebb-tidal delta and the transitional 
(spill-over channel?) facies lie below the middle and upper shore- 
face-beach facies. Moreover, marine shelf sediments are 
interpreted to occur between the middle shoreface and upper 


shoreface-beach facies. 
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Structure, textures, and lithologies of 
barrier island associated sediments in core 
A.N.D. #1 10-14-23-1W5M (see Appendix VI 
for legend). 
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This difference stems from the diverse sedimentary 
processes which may operate in the lower shoreface zone. 
The middle and lower shoreface zone is seaward of the 
barrier island below low tide to a depth of about 10 to 20 m. 
In this depth range waves normally feel bottom. Thus, the 
predominant depositional process is wave energy, which 
usually increases with decrease in water depth. This rela- 
tionship governs the distribution of sedimentary structures 
and textures observed in the non-barred Galveston Island 
regressive barrier model. 

Where rates of subsidence and/or progradation are 
high, regressive barriers are known to have little or no 
middle and lower shoreface sediments, as in the Tertiary 
Cohansey barrier of New Jersey (Carter, 1978), the Messinian 
Sorbas barrier of Spain (Roep et al., 1978), and the ver- 
tically stacked barrier islands in the Niger delta (Weber, 
1971). Transgression may cause the lower shoreface facies 
to overlie that of the middle shoreface, as in the Recluse 
field barrier of Wyoming (Davies, 1976). 

Storm surge deposits are known to sharply modify 
modern shoreface sediments (Hayes, 1967; Reineck and Singh, 
LOAPsnSwi tt; b973 Kumaxy-and Sanders ).1b976).5 <Phus., 
Davidson-Arnott and Greenwood (1976) and Kumar and Sanders 
(1976) suggested that preserved shoreface sediments in the 
rock record may essentially comprise storm deposits. The 
recognition of storm deposits in an ancient shoreface unit 


by Howard (1972) gives credence to the above suggestion. 
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Tidal channel (inlet) deposits may displace either 
the whole shoreface zone, as in the recent Padre barrier 
torand (Hoyt and Henry, ':965) or only the ‘upper’ part, “as ain 
the Lower Eocene Carrizo barrier of Texas (Davies, 1976). 

Longshore bars commonly occur within the middle 
shoreface zone, while ebb-tidal deltas or shoals may occur 
seaward of barrier island inlets. It would appear that 
these features are respectively characteristic of micro- 
tidal wave dominated, and meso-tidal coastlines. However, 
because longshore currents have been observed to resediment 
sands from these geomorphic features (Ortel and Howard, 
1972), they are commonly thought to have a low preservation 
potential in the rock record; although Davidson-Arnott and 
Greenwood (1976) and Van den Berg (1977) are opposed to this 
view. 

Intensive studies of the Recent South Carolina meso- 
tidal coastal barriers are beginning to shed more light on 
the high preservation potential of ebb-tidal delta sediments. 
The degree to which barrier islands and adjacent sub- . 
environments are protected from storms and longshore cur- 
rents, rates of subsidence, progradation and sediment supply, 
and possibly depth of water, will affect the preservation 
potential of ebb-tidal delta deposits in the rock record. 

In certain parts of the ebb-tidal deltas of Georgia estua- 
ries, wave induced currents are not important sedimentary 
processes (Oertel, 1975). In the North inlet of South 


Carolina, Finley (1978) noted the ebb-tidal delta to be an 
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efficient trap for littoral drift sediments, while low inten- 
sity northeast storms which erode beaches have an accretion- 

ary effect on the ebb-tidal delta. In the Wadden Sea, narrow 

tidal inlets funnel ebb-tidal currents to reach depths of up 

to 90 feet (30 m) where tidal channels bifurcate in relatively 
deep tidal wedges (De Jong, 1977). Such depths may be beyond 
effective wave base and possibly beyond the reach of long- 


shore currents. The foregoing cases indicate to the writer 


that under certain circumstances ebb-tidai deltas will be pre- 


served in the rock record. Inability to recognize them in 
the rock record may be the principal problem. 

The afore-described sedimentary characteristics of 
facies AI and AIJ, their stratigraphic positions and the 
gross similarity between them and those of the Recent des- 
cribed by earnest (LOWS sare tuseateo tnterpretsthese Viking 
facies as an ebb-tidal delta or shoal. 

The thin overlying transitional interbedded eae 
stone-mudstone-claystone facies may represent the deposits 
of a marginal inactive channel similar to that outlined in 
the ebb-tidal delta morphological model of Hayes (1975), and 
knownhase"spilb over?!schanne! byveertela(b975).. These tran- 
Sitional deposits are remarkably similar to Oertel's facies 
III from this sub-environment. ) 

These lines of evidence argue against these facies 
being wave generated longshore bars as modelled by either 
Davidson-Arnott and Greenwood (1976) or Van den Berg (1977); 
and also precludes them being wave generated offshore bars. 


Finally, Reinson (1979) notes that the identification of 
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fiood- and ebb-tidal delta sandbodies’in the rock record may 
depend mostly on their geometry and peri eror annie position 
relative to surrounding facies. 

If the Viking barrier concept is accepted, the 
trinity of ebb-tidal delta-shoreface, barrier beach, and 
lagoon~mudflat-tidal creek channel facies, is evidence in 
favour of a predominantly regresSive barrier island, punc~ 
tuated by a brief marine incursion, in a probable meso-tidal 
range Viking sea coast. This environmental setting may have 
been in some ways Similar to the present day South Carolina 
coast (Lerand, 1979) or the Netherlands-German coast 
tReaneck, 1975). 

Although this interpretation was generated from the 
cores of only one well, the writer believes that when the 
core-data information is integrated with sandstone geometry 
it does provide an adequate amount of significant informa- 
tion which makes it clearer that: 

1. The UW, and UW2 sandbodies may be two parallel lines of 
barrier islands with the UW) being younger; and 

2. The swales, characterized by isopach thinning, between 
these units may represent tidal inlets. 

Long Island and Fire Island along the coast of New 
York State (Kumar and Sanders, 1974) ae examples cf recent 
parallel barrier islands. The ancient Tordilla sandstone 
complex of the Eocene Jackson Group of Texas (White and 


Galloway, 1977) comprises two regressive barrier islands. 
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B. Sedimentary Facies’ Sequence B 


Five generalized facies, discussed below, were ob- 
served to be characteristic of the remaining Viking cored 


sandbodies. 


Bioturbated Mudstone - Facies (BT) 


nn 


The uppermost part of tke Joli Fou Shale is very 
calcareous in places (Plate VA). The bioturbated mudstone 
facies succeeds the Joli Fou gradationally or sharply. The 
Giickness ‘of this unit ranges from 3 to 20 feet (1-7 m).. 
Thicker and more diachronous sandbodies are associated with 
the thickest development Spee facies; therefore, its 
thickness appears to be a function of sand unit thickness 
and migration distance. 

Strongly bioturbated very dark grey mudstone, with 
very thin wisps, blebs or mottles of silt and very fine 
sand, is the predominant lithology (Plate VB). Subordinate 
lithologies include bentonitic clay (Plate VC), and very 
fine sand (0.1 to 0.12 mm) laminae and lenses (Plate VD). 


The nearly equidimensional very fine grained sand 


lenses, generally less than 3 cm thick, are relatively clean 


and fairly well sorted. The followifig stratification types 
are characteristic: parallel lamination (Plate VD and E), 
plane and ripple cross-lamination (Plate VIA), herringbone- 
like cross-lamination with a thin bentonitic clay drape 
separating glauconitic sets of cross-laminae (Plate VIB), 


and low-angle cross-limination (Plate VIC and D). Some 
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Plate V 


Viking facies’ sequence’ BE cubtidal Gr icnore 
(tidal current?) sand ridges 
(Bioturbated mudstone facies). 


Calcareous shale near Viking - Joli Fou contact a. cam 
Sedalia Li—-24-30-5W4M; 23ce fu. 


Wisps and blebs of silt in strongly bioturbated mudstone. 
Bioturbated mudstone facies; Camac Mavrk Huxley 
6-20-34-24 W4M; 4944 £t. (L7 sand unve)- 


Bioturbated shaly mudstone with silt and sand laminae 
and Chondrites?~( u) Bioturbated mudstone facies; 
Imperial Armena 9-13-48-21 W4M; 3247 ft. (LJC12 unit). 


Horizontal laminated, very fine, clean, well sorted sand 
lens with sharp upper contact. Bioturbated mudstone 
facies; Camac Mavrk Huxley 6-20-34-24 W4M; 4942 ft. 
(7) unaeye. 


Laminated very fine sand with sharp upper and lower 
contacts and burrow disrupting laminae; erosional relief? 
at base. Bioturbated mudstone facies; Dome I.0O.E. 
Wildunn 6-23-30-14 W4M; ) S20255t. (lela sunetione 


U-shaped burrow (Rhizocorallium sp.?) disrupting 
lamination in a fine sand lens. Bioturbated mudstone 
facies; Camac Mavrk Huxley 6-20-34-24 W4M;° 4933 ft. 
i ore a) ae 
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Plate VI 


Viking facies sequence 2: ssoubtcidal@of folonce 
(tidal current?) sand ridges 
(Bioturbated mudstone facies). 


Ripple-laminated very fine sand lenses in bioturbated 
bentonitic mudstone. Bioturbated mudstone facies; 
Westcoast Sulpetro Smore 11-30-29-10 W4M; 2894 ft. 
gupta ae 


Thin clay laminae (w) drape the contacts between cross- 
laminated sets dipping in oppostie directions (Herring- 
bone). Unit is glauconitic with some ichnofossils 
(Terebellina (T)~sp. or Siphonities Ssp.). Big@turebatea 
mudstone facies; Mobil Oyen 10-4-30-2 W4M; 2579 ft. 
(UO sn). 


Planar low-angle cross-laminated glauconitic silty 
sand. Upper part of bioturbated mudstone facies; 
H.B. “Provost 6-26-3477 WA 240 VEE. a) dee 


Low-~angle cross-laminated fine sand lens; diffuse top 
and bottom contacts; vertical burrow disrupts -lamina- 
tion. Bioturbated mudstone facies; Provo Halliday 
L37liq=28-14 WaMs 3102 i Gui. 
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units are, however, bioturbated and therefore structureless 
(Plate VC). Contacts may be either sharp or diffuse (Plates 
VC and VID), or scoured at the upper (Plate VD) or lower 
(Plate VE) contacts. 

Nondescript and poorly preserved burrows obliterate 
primary sedimentary structures (Plate VE). Indentifiable 
Erecetossils include U-shaped burrows fairly similar to the 
ichnogenus Rhizocorallium(Plate VF), (Risk, personal commu- 
nication, 1979), and the "doughnut" shaped burrow probably 
belonging to the ichnogenus Terebellina sp. (Plate VIB) 
(Chamberlain, 1978). An unnamed burrow, 5 cm deep, is shown 
in Plate VID. In general, the degree of bioturbation and 
clay content decreases upward as quartz grain size increases. 
In areas of multiple sand development, this facies overlies 
the earlier sandbodies, and can be up to 40 feet (12 m) 
thick. In such cases, the unit may be bioturbated (Plate 
VIIA and B), or weakly bioturbated with subordinate very 
fine to fine grained horizontal and cross-laminated sand 
lenses (Plate VIIC to E) which are pebbly in places (Plate 
VIIF). Black chert pebble beds are also concentrated in 
this facies in places. In some areas,.these lenses are 
medium to coarse grained sand and are interbedded with shale 
laminae (Plate VIIG to I); they also display sharp contacts 
which appear to be erosional in places (Plates VIIF and H). 

Vertical burrows are predominant. Identifiable 
trace fossils include: Arenicolztes (Plate VIIA), 


Zoophycus (Plate VIIC,E), Asterosoma? (Plate VIIE). In 
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Plate VEL 


Viking facies sequence By meubtidaorreho ce 
(tidal current?) sand rzdges 
(Upper bioturbated mudstone facies). 


Vertical burrows. Upper-bioturbated mudstone facies; 
Dome I.O0.E. Wildunn 6-23-30-14 W4M; “3135 Ec (@eo 


Intense reworking by organisms. Upper bioturbated mud- 
stone facies; Provo Halliday 13-11-28-14 W4M; 3130 fc: 
(UEo) - 


Ripple-laminated fine sand lenses; Zoophycus sp. (2) 
and vertical burrow distupting lamination. Upper 
bioturbated mudstone facies; Dome I.0.E. Wildunn 
6-23730-14 W4M;. S142 ua CUED). 


Preserved thinly:laminated sand lenses in bioturbated 
mudstone facies; Imperial Armena 9-13-48-21 W4M; 
B20 Coe eee (li Ta 


Horizontal laminated sandstone lens with vertical burrow 
and horizontal Zoophycus trace. fossil (zy). Upper 


bioturbated mudstone facies: Dome 1;:0.E. Wildunn 


6-23-30-14 W4M; Bisa foe CU eoge. 


Planar, low-angle cross-stratification with sharp 
upper and lower contacts; some pebbles on foreset 
bedding planes. Upper bioturbated mudstone facies; 
Provo Halliday [3-L1-23-04) Wai s3i)a lar Gee U ee 


Médium to coarse grained sand lenses interbedded with 
Shale laminae. Upper bioturbated mudstone facies; 
imperial Armena I-¥3-46=2) W4M; 32.0etC] (bgCj oe 


fedium.to coarse sand lenses interbedded with shale and/or 
mudstone laminae; sand lenses with sharp wavy lower and 
upper contacts; some vertical burrows. Upper bioturbated 
mudstone facies; Imperial Armena 9-13=48-21'.W4M; 3220 

EU eine Gaur 


Sharp contact between medium ito coarse sand lens and silty 
Shale. Upper bioturbated mudstone facies; Imperial 
Armenas9=1 3-48-21 Wai 3 ie ft Gr oa 


243 


general, the degree of bioturbation varies from weak to 


moderate; the lower and upper parts are sandier. 
Interpretation 


The above facies characteristics indicate that 
these deposits formed from suspension settling in a pre- 
dominantly low energy marine environment occasionally invaded 
by relatively higher energy currents capable of moving sand 
and gravel by traction. The herringbone-like structure 
indicates that these currents flowed in opposing directions 


at certain times, at least in some places. 
meterOlithio —- Facies (BIT). 


The bioturbated mudstone facies grades upward into 
Ehe heterolithic facies. This unit varies from about 2 t6 
30 feet (0.6 to 10 m) in thickness, and consists of very 
thin to medium bedded (terminology of Ingram, 1954), sand, 
interbedded with thin laminee on dark@ shale, dark grey to 
maroon mudstone, and silt (Plates VIII and IX). 

The sand beds are light grey, very fine to fine 
grained (0.12 "tor 0.18 mm) pVmmadyspue -—wairly weld sorted: 
Matrix-framework ratio varies between 0.25 any 0.G. 

These sand beds rarely exceed 6 cm in thickness. Most are 
structureless (Plate VIII), whereas, a few are parallel to 
low-angle cross-laminated (Plate IXB to E). Contacts may be 
diffuse to irregular (Plates VIIIE and IXA) or sharp and 


erosional (Plates VIIID and IXE). Some sands are 
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Plate:-VieLe 


Viking facies sequence! Bea weubtidal or shore 
(tidal current?) sand ridges 
(Heterolithic facies). 


Interlaminated fine sand and shale, burrows and mottles 
of sand in shale laminae. Heterolithic facies; Chevrons 
Handhitis 10-36-2814 WAM; S31 542. taut hei 


Interlaminated fine sand and shale with indistinct bouns 
Garies due to reworking by organisms. Heterolithic 
facies; Chevron Handhills 10-36-28-14 W4M; 3156050 (ia 


Interlaminated fine sand and shale; indistinct litho- 
boundaries, weak to moderate bioturbation. Typical 

Heterolithic facies; Camac Chevron Huxley 10-4-34-24 W4M; 
AGS i tsa (ins). , 


Relatively thicker, parallel laminated, fine to medium 
sand bed with a sharp (scoured) base and diffuse top. 
Heterolithic facies; Chevron Handhills 10-36-28-14 W4M; 
3D OM iterame lisse) ae . 


Zoophycus sp. (v) in reworked lower section of Hetero- 
lithic facies. Sand and clay laminae more completely 
mixed at base then at top. Chevron Handhills 10-36- 
28-14 WA Sl6 ER fie Gus ja 


Interlamination of sand and mud; deep vertical burrow 
(Arenicolites sp.?). Heterolithic facies; Chevron 
Handhilis 0-36-2014 Wats jhe sue. 
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Plate IX 


Viking facies sequence "By / subtidal ofrenere 
(tidal current?) sand ridges 
(Heterolithic facies). 


Interlaminated sandstone~mudstone-shale unit. Wavy 
lower and upper contacts of lower sand lens, fairly 
distinct. Sand mottles due to burrowing near top. 
Heterolithic facies; Provo Halliday 13-11-28-14 W4M; 
MUS VEPs te cd ie oe 


Funnel-shaped trace fossil (Rosselia sp.?) disrupting 
lamination. Heterolithic facies; Provo Halliday 13-11-28-14 
W4AMe i) SiS. ee!) te 


Interlamination of fine sand and shale. Heterolithic 
facies; H.B. Provost! 6=26-24—/W4M;, 2935 ft. .oe 


Interbedded fairly laminated sand and muddy shale. 
Bioturbation (Chondrites) confined more to the finer 
sediment. Heterolithic facies; Fina Handhills 
1-22-29=1 4-W4Ms 3073 e ee ee ees 


Homogenization of sandstone and shale laminae by bio- 


turbation. However, cross-laminated sandstone lens 
with sharp upper contact; upper lens with scoured basal 
contact. Heterolithic facies; -Provo Halliday 13] ei 
28-14 WAM; -3065°ft. (UB e 
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miauconitic, (Plate .IXc).. 

The thin suspension deposits of clay, mud and silt, 
or a combination of these, are rythmically interbedded with 
the sand beds. Generally, these laminae are less than 2 mm 
thick, but where a thicker bed occurs it is mainly a homo- 
genized mixture of these sediments, due to bioturbation 
(Plate IXA, D and RE). 

Laminae of these suspension deposits, where pre- 
served, may be irregularly distorted but continuous (Plate 
Vie BB) Indi istance (Plate, VLELC)., difiuse, «(PlatewWBLED):, 
or wavy (Plate IXA). Often, they show a dish-like structure, 
particularly near the lower contacts of sand beds (Plate 
Neh Le). 

Recognizable trace fossils include horizontal (Plate 
VIIIE) and vertical (Plate VIIIF) burrows. Augen-like 
bioturbate structures filled with sand (Plates VIIIA and 
IXA) are common. Identifiable ichnogenera include Rosselia 
(Plate IXB) and Chondrites (Plate IXD). Generally, suspen- 
sion sediments are more apt to be organically reworked. 

In general, average quartz grain size increases 
upward from very fine sand at the base to fine near the top. 
Correspondingly, the, proportion oft clay, mMudvand siltgvand 
the degree of bioturbation decrease ae Consequently, 
color is lighter than for the underlying bioturbated mud- 
stone facies. In cases where the heterolithic facies is 
strongly bioturbated, and therefore difficult to distinguish 


from the underlying bioturbated mudstone, the above 


t re 


characteristics were useful in differentiating the units. 
Pnterpretation 


The facies characteristics: indicate a depositional 
environment dominated by two hydraulic regimes. A higher 
energy regime of traction transport and bedload deposition 
of sand alternated regularly with a low energy regime of 
suspension settling of clay, mud and silt. This deposi- 
tional setting is envisaged to be broadly similar to that of 
the underlying bioturbated mudstone facies except that the 
currents which deposited the heterolithic facies attained a 
higher energy level, persisted for longer periods, and 
alternated more regularly with low energy suspension deposi- 


tion then in the*former case 
Cross-Stratified Sandstone Facies (BITT) 


Facies BII grades imperceptibly upward into the 
cross-stratified sandstone facies. This unit ranges from 2 to 30 
feet (0.6 to 10 m) in thickness, and consists essentially of 
sand, with minor clay, mud and silt laminae and lenses. 

The sand beds are generally light to greenish grey, 
muddy with well sorted quartz grains. Measured average 
quartz grain size varies from fine to medium sand (0.15 to 
0.3 mm), but some beds are coarser. Framework minerals are 
predominantly quartz and chert grains that are fairly well 
rounded, with minor amounts of feldspar and rock fragments. 


The matrix is made up of clay and silt. Matrix-framework 
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macro ranges from .0.20 to 0.5. Secondary quartz over- 
growths along with continuous to patchy calcite cements pre- 
dominate in places. 

Cross-stratified sets vange from: 2 cm to 45 cm in 
Ehackness.  Cross-stratification varies from low-angle 
(Plate XA to E) to planar high angle (Plate XD); that shown 
in Plate XI(C,E,F) may be the "herringbone"-type. Cross- 
stratification set boundaries are sharp and may be erosional 
(Plate XIC). Some of the bedding surfaces shown in Plate 
XI (B to F) are probably reactivation surfaces; in (B) and 
(D) these surfaces are draped with a thin film of clay or 
carbonaceous mudstone. Low-angle cross-~lamination is suc- 
ceeded by ripple cross-lamination in Plate XIH. 

Shale and mudstone occur occaSionally as inter- 
laminae, mostly less than 3 mm thick (Plates ATT and XEIl), clay 
clasts (Plate XA), and as drapes on foreset laminae (Plates 
XB to F and XIF, H and I). In some samples these clay 
drapes act as cleavage planes along which the forset sand 
laminae separate easily. Glauconite is Ubiquitous and also 
drapes foreset laminae in places (Plates XA, and D; XIA, B, 
Dok Gavande Hex LIA, sehen Where glauconite grains are 
abundant they impart a greenish hue to the core and, in 
places, emphasize the stratification tee 

The facies is weakly bioturbated. :SuspensSion sedi- 
ments (Plate XIIIC) and sand beds (Plate XIIID) are alike 
affected by burrows which disrupt lamination. Sand mottles 


are common. 
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Pilate. 


Viking facies sequence B: Subtidal offshore 
(tidal current?) sand ridges 
(Cross-stratified sandstone facies). 


Low-angle cross-stratification, glauconite (g) and shale 
on foreset laminae clay clasts. Cross-stratified facies; 
Chevron Handhills 10-36-28—BawaM; SIZ 7 ite 


Horizontal to low-angle cross-stratification, shale 
on foreset laminae... Cross-stratified facies: Dec Altay 
CDR Huxiey-6-36234-25) W4aMe Sao Gomer eae 


Horizontal to low-angle cross-stratification with 
shale(s) on foreset laminae. Cross-stratified facies. 
Camac Mavrk Husey 6-20-34-24 W4M; 4900 £t. (D7)e 


Medium to High-angle cross~-stratification, with 
glauconite (g) on foreset laminae. Cross-stratified 
facies; Imperial Dinant 16-6—-48-20 W4M; 3198 ft. 

(I Cyst 


Low~angle cross-stratification with carbonaceous 
mudstone on foreset laminae. Cross-stratified facies; 
Anglo Rovyalite Kroy Acadia 6-28 —24—14M- 32521) fee 
(GED) © 
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Plate XI 


Viking facies Sequence B: Subtidal offshore 
(tidal current?) sand ridges 
(Cross-stratified sandstone facies). 


Gleuconite on foreset cross-laminaze cross-stratified 
facies; H.B. Provost 6-26-34-7 W4M; 2933.5 ft. (B,). 


Horizontal (2) to (b) low-angle cross-lamination with 

carbonaceous mud drape on foreset laminae. (c) thin 

carbonaceous mud drape below cross-set. (d) low-angle 

cross-bedding, glauconite drape on foreset laminae. 

Cross-stratified facies; Chevron Handhills 10-36-28-14 
a 


bot 
ae) 
N 
bey 
ce 
~~ 
te 
Ww 
ee 


Sharp (erosive?) cross-set boundary; cross-stratified 
facies; Westcoast Sulpetro Smore 11-30-29-10 W4M; 


Boundaries of thin cross-laminated and glauconitic 
sets draped by thin shale laminae (s). Cross-~-stratifie 
facies; Imperial Unit Johmin 10-8-48-20 W4M; 3184 ft. 
(LICj2).- 


bone-type cross-stratification with sharp set 
boundary. Sandstone is glauconitic. Cross-stratified 
facies; Imperial Armena 9-13-48-21 W4M; 3232 ft. (LJCjz3} 


Herringbone-type cross-stratification with sharp set 
boundary. Carbonaceous material on foreset laminae 
in upper part of upper set. Cross-stratified facies; 
Provo Halliday 13-11-28-14 W4M; 3064 ft. (UE). 


Thin cross-laminated sets with sharp set boundaries and 
glzuconite on some foreset laminae. Cross~stratified 
facies; Gulf N.C.0O. Provost 12-17-36-12 W4M; 3126 ft. 


(ig). 


Low~-angle cross-lamination with glauconite on foreset 
laminae, capped by flasered ripple cross-lamination 
cross~stratified facies; Chevron Handhills 10-36~28-14 
W4M; 3124 ft. (L3). 


Lov~angle cross-stratification at base is capped with 
low-angle cross~lamination with some carbonaceous mud 
drape on foreset laminae, S8ome weak bioturbation. 
Cross-stratified facies; P.C.P. and 0. Acadia 11-21-26-3 
W4M; 2455 ft. (UE). 
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Plate XII 


Viking facies sequence B: Subtidal offshore 
(tidal current?) sand ridges 
(Cross-~stratified sandstone facies). 


Cross-stratified set boundary draped with thin shale 
laminae carrying mottles of sand. Cross sets are 
glauconitie and calcareous. Cross-stratified facies; 
Dome I1.0.E. Wildunn 6-23-30-14 W4M; 3180 ft (ia, 
Junceion):. 


High angle, planar cross=stYatification (r) sharply 
overlain by low-angle cross-stratification (bioturbated 
in places) (t) and draped by shale (u). Cross-stratifie 
facies; Chevron Handhills 10-36-28-14 W4M; 3122.) G ye 


Interbedded sand and shale unit. CroSs-Stratifteq acu 
Dome. I.O.E. Wildunn 6-23-10-14 W4M; 3098 ft. (UE2)< 


Thin inter-laminated sandstone-mudstone and shale at 
base is bioturbated and overlain Sharply by low-angle 
cross~laminated sand capped with dark shale on top. 
Cross-stratified facies; Provo Halliday 13-11-28-14 W4M; 
ii ters mene (COROg lee 


Sharply based shale laminae in glauconite cross-stratifi 
facies; Imperial Armena 13-19-48~-20 W4M; 3235 £t. (JGiee 


Shale laminae and streak in cross-stratified facies. A 
few sand mottles in shale. Cross~-stratified facies; : 
Imperial Dinant 16-6-48-20 W4M; 3194 f£t.; (Ld@;5) eentes 
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Plate XIII 


Viking facies sequence B: Subtidal offshore 
(tidal current?) sand ridges 


(Cross-Stratification sandstone and Conglomerate facies) 


A. 


Diffuse and continuous shale streaks in glauconitic 
sandstone; cross~stratified facies; Imperial Armena 
9-13-48 -20 WAM; (3291.5 58 ve wo) 


White, grey and black chert pebbles cross~stratified 
with brown mud clasts. Conglomerate facies; Camac 
Mavrk Huxley 6-20-34-24 W4M;-4899-ftL. (L5)- 


Chondrite sp. trace fossils in shale laminae. Cross- 
stratified facies; Chevron Handhills 10-36-28-14 W4M; 
SE24 Bees). 


Vertical burrow disrupts sand and glauconite laminae; 
bioturbated sand-shale interlaminae near top. Cross- 
stratified facies; Chevron Handhills 10-36-28-14 W4M; 
SunLS fee hes )o 
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Génerally, the textural gradient of this facies is 
variable. Most Basal, Lower, and Upper sandbodies show a 
coarsening upward textural sequence from fine at the base to. 
Pertumesand at che top.) Exceptions are the LJC;5 and UE? 
units which show no preferred vertical textural gradient. 
Furthermore, the clay-mud content is higher in the Basal and 
Lower sandbodies than in the Upper sand units. Coarser 
sands of this facies contain a still lesser proportion of 
fines. Thus, the clay-mud content of the cross-stratified 
Sandstone facies is dependent on grain size of the framework. 

Tan siderite nodules and pyritic horizons are 


common elements of this facies. 
Interpretation 


The characteristics of the -facres andicate that it 
was deposited in an environment broadly similar to that of 
the underlying heterolithic facies. However, the energy 
level was relatively higher, and traction transport-bedlcead 
deposition of sand predominated over suspension settling of 
clay and silt. Both depositional settings appear to have 
fluctuated immensely between suspension deposition and 
vigorous flow, and may have locally reached the upper flow 


regime. 


y | nate cf Ma 


‘ * 38 tae? 4 ist 7! yg mm 3 mag 4 bs At feutxed us yl 
sf Mee pas < Pie teat 


: word: “UE DOUHMBS tog int Rewer: enn, seem sl 
| ) Be ie 2: 
4 mn ot ob ry " = : _ ue 
. AO ONS 7h OOF mort sored pee bowaciens Sxreway pt th ye 
; a hc i a 
| boas pee rt -. etry © Ser ean el 
. iS gitil an) ass acotageort shot atts w5 base 1 
tberp Le , MOLI Heats 15K cee wore rotiiwy 
re. ree oh 1 ee re: yew | | % a 
’ ip el LOIOD ae Py ef a .o 7Onmaae 
‘ : ow is : j fan © Pee og Hi 3 nse 
‘ 5 ty | x 4 f r p nf ~~ 7 : v ; 
: Pay Sed teqah ota ag edd ad ibodbrise ss 
am f - ~ Pi A i. ~ a . us : a a 
‘ pi 3h) So i A ma bd ee 04 pal eee! Se% au rahe 2 tons 
. SA O% id Lead i POMEL) SEI wees 
: re : é.° Poatosl enaog 
‘2 rs f r f 7 , 
; MS. Pe Oras ph s9 28" nae 
bye ies e: 
oe 1 a OT Ot; Y ers } . paral @ bs os 
ae y Es SI ~ = v4 
; < : IOs tetas 
: . ea a: 
an MOET i. aft 26 anhses ededeado ot ~ 
4 ; = al “ . ) “4 
a f ri + 
ion? of tehidta y (hi ma a eee ae 
| ideas cay ihe ( TEROOS LWtre Ge ws Oot} aoe iy: 
aT rn men hanger RAY y pra) . i 
wens ot «hevowel | Seq hier étaient bays tony Bt 
. . tepet ; “ei b j i a . mag . = ? ee . " Ay 
as ee eels inks) + chaipae y Piast ‘sat Las: REW fe 
; : F i Lat} x BS | ay a ; 
teu s b MO taf Sais 48V0 | bet sh abhor: q Dyna ; Hao staog IF 


i te cy Z 
i of *Weade AILS: pe Ligeia. guage fitoe dthe bow iS y 
; a ; Se 


f ; ; nay ny vy Ay , 
DHE MOLI Peeanh hoa tanagaiee i wi 
Tae fe petneat, * oe ve aS awed ‘(Sacammnt F hetetoel 

9 oy _ 7 eT or ay 


St 38Qqu ons Baiogan viteeat oved Yeo be ret eres ep op atv 
: ar 7 : _ 7 ; Orie 5 ‘ : a 


Bioturbated Sand - Facies (BIV) 


The just described cross-stratified facies grades 
upward into a bioturbated surface facies made up of bioturbated 
dark grey shaly sand or light grey sandstone. Where the 
degree of bioturbation is. strong, the unit 1s almost struc- 
tureless (Plates XIV and XV). However, with moderate bio- 
turbation, fairly clean and welk sorted, plane laminated, 
very fine to medium grained sand lenses with sharp bases are 
occasionally preserved (Plate XIVB and C). Such sand 
lenses may be up to 7 cm thick, and glauconitic (Plate 
XIVC). Generally, the quartz grain size varies between very 
fine and coarse sand, and occasionaliy small chert pebbles 
are dispersed in a shaly sand matrix (Plate XVB). 

The very dark color of this unit is due to the pre- 
sence of shale laminae originally interbedded with sand but 
now homogenized in places by organisms; remnants of shale 
laminae occur throughout the unit in most areas (Plate XIVA 
and B). 

Most burrows are nondescript and poorly preserved. 
Identifiable ichnofossils are predominantly simple vertical 
tubes (worm?) (Plate XVC), U-Shaped tubes of Asterosoma sp. 
(Plate XVD), and the funnel shaped “tube of Rosselia Sp. 
(Pinte XiVA)s thes batter disrupts Janination. (‘Sand mottles 


ere also. common. VThis unit’ may be upto 10 feet (3.0 m) 


thick. 
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Plate XIV 


Viking facies sequence B: Subtidal offshore 
(tidal current?) sand ridges 
(Bioturbated Sandstone Facies). 


Bioturbated 


sandstone, some burrows, wavy continuous 


shale streaks, and sharply based sandstone lens. 


Bioturbated 
10-36-28-14 


Bioturbated 
Bioturbated 
10-36-28-14 


Sandstone facies; Chevron Handhills 
W4Me 2 a2 ite (ie) oe 


interlamination of sandstone and shaver 
sandstone facies; Chevron Handhills 
Wai CST LO Se ee lie) 


Clean, finely laminated, sharply based sand lens in 


bioturbated 


sandstone facies; Fina Handhills 
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Plate XV 


Viking facies sequence B: Subtidal offshore 
(tidal current?) sand ridges 
(Bioturbated Sandstone facies). 


Sandstone and shale laminae fairly well homogenized 
by bioturbation. Bioturbated sandstone facies; Camac 
Chevron Huxley 10-4-34-24 W4M; 4868 ft. (L7). 


Small chert pebbles dispersed in glauconitic shaly 
sand by bioturbation. Bioturbated sandstone facies; 
Dome 1.0.E. Wildunn 6-23-30-14 W4M; (Gil/7 [obo 
TUNCTLON )&. 


Deep burrow lined with small black chert grains. 
Bioturbated sandstone facies; Westcoast Sulpetro Smore 
bi=S0329-LOW4i;  28eo rl. (BAe 


U-shaped burrow (Asterosoma sp.?) and vertical tubes in 
Bioturbated sandstone facies; Chevron Handhills 10-36-28- 
Wai? Sip? te (liz, back Gf ‘CcCore)A 
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Interpretation 


Characteristics suggest deposition of this unit in 
an environment similar to that of a enee the heterolithic 
or the cross-stratified facies. However, the rate of 
sedimentation of the Bioturbated Sand facies may have been 
slower, as bioturbation kept pace with sedimentation in most 


areas. 
Chert Pebble Cong LOMerate = Facies (BV) 


This facies consists of varicolored light grey, 
brown and black chert pebbles that are fairly well rounded 
(Plate XVI). Plate IVE shows that the so-called 'black' 
phere pebbles may actually be patinated chert with an inter- 
nal Wight grey color and an external black ‘rind. Mud clasts 
are rare but occasionally encountered (Plate XIIIB). Quart- 
zite and plagioclase feldspar (Jones, 1961), nodular phos- 
phate clasts and phosphatized wood (Simpson, 1975), and 
carbonate pebbles (Boethling, 1977b) have been reported. 
Largest pebble diameter found in the present study is 35 mm. 

The pebble conglomerate beds are mostly matrix sup- 
ported (Plate XVIA). The matrix materials varies from dark 
mud through muddy sand to very coarse sand. Sorting is 
generally poor. Phenoclast supported pebbles are rare. 

Most commonly, the chert pebble conglomerate beds 
are interbedded with shale, mudstone and siltstone (Plate 
XVIB). Although the pebbles may be concentrated in units up 


to 15 feet (4.6 m) thick, they more frequently occur in beds 
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Plate XVI 


Viking facies sequence B: Subtidal offshore 
(tidal current?) sand ridges 
(Conglomerate facies). 


Sequence from base: 

a) Dark fissile shale 

b) massive, grey and black chert pebbles in a poorly 

. sorted medium to coarse grained sand matrix. Unit 
is inversely graded except for interruption by shale 
laminae (sh). 

c) Paraliel laminated sand 

d) Capping of dark fissile shale (not well shown). 

Conglomerate facies; Dome I.0.E. Wildunn 6-23-30-14 W4M; 

3093 =s3005) PES scese Ula: 


Chert pebble conglomerate beds with sharp contacts inter- 
bedded with sandy mudstone and interlaminae of fine 

sand and shale. Conglomerate facies; Provo Halliday 
13-1L1-28-14 W4M; .3033-£te poste). 


Light and dark chert pebbles in shaly sand capped by 
sandy mudstone and followed by pebbly sandstone. 
Conglomerate facies; Provo Halliday 13-11-28-14 W4M; 
30635 Dita UE) i 


Pebbly sandstone lens, with sharp contacts and concen- 
tration of pebbles at basé, in moderately reworked pebbly 
mudstone unit.. Conglomerate facies; Camac Mavrk ive ae 
6-20-3424 WaM; 2696 (ft. 4posts Lo)). 
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Pee OO INCNeSs 7 oscm, to 15 cm) thick, In some places they 
are only pebbly sandstone beds (Plate XVIC and D), or even 
pebbly mudstone beds. A few are weakly stratified and bio- 
turbated. 

The thickest occurrence of this facies within the 
etudy area is in the Lower Joffre sandbodites (IJd3) where 
Per unit 1S uplto 15 feet (4.6 m) thack. Jones (1961) also 
observed a 9 foot (3.0 m) thick conglomerate bed in well 
Imperial Centrefield 13-10-26-21W3M at the eastern extreme 
in southwest Saskatchewan. Between these areas, the ob- 
served conglomerate beds or pebbly horizons rarely exceeded 
30 cm in thickness. The contacts of the thinner beds are 
sharp and often erosional while those of the thicker units 
appear gradational. 

Generally, the stratigraphic position and. distribu- 
tion of this facies is the most variable and erratic, as it 
occasionally occurs in virtually all the aforementioned 


facies. 
Interpretation 


This facies was deposited by the highest energy hy- 
draulic regime operating during Viking time.) imipzaces , 
however, it alternated regularly with low energy suspension 
deposition; in others, it appeared only sporadically and 


catastrophically. 
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Facies Relationships 


A typical vertical arrangement of the facies consti- 
tutes a facies sequence model. Core data indicate that five 
generalized facies sequences (a to e) are recognizable in 
these Viking sandbodies. The most complete and typical 
facies sequence is ‘'a', represented schematically in 
Figure 112, and characteristic of the axes of the sand 
ridges. In this facies model, however, facies BIII may be 
moot Lyi~ eeplaced by thevconglomerate Tacies as in the  Ld3 
unit at Joffre, or, facies I and II may be undifferentiable 
due to bioturbation as in the Mel? unit at Joarcam, or, ‘the 
sequence may in places be capped by a thin pebbly sand bed 
ast along «parts Of the axis vor the UE} sandbody of the Upper 
Eastern sand complex. This facies sequence is also typical 
of parts of the northeast flank of the thin B, (Hamilton 
Lake) reservoir sandstone. 

The following vertical successions of facies were 
observed to be characteristic of certain ridges or parts of 
ridges: 

1. Southwest flanks of ridges - 
| 1—> 2-—~ 4 (b) 
This facies sequence may, ese be capped by pebbly 


sandbeds or very coarse sand, especially if near swales. 
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Figure 112. Typical sedimentary structures, textures, and lithologies 
of an offshore, subtidal, tide generated Viking sand ridge 
(see Appendix VI for legend). 
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2. Northeast flanks of ridges - 
ee ne eee (c) 


In the Joarcam area, however, subfacies 5 is absent. 


The swales are not characterized by any of the above 
facies sequences, which appear to vary with location in the 
swale. In general, however, facies sequences in swales are 
very thin, shaly and coarser grdined or even conglomeratic 


and bioturbated. 


3. Northeast edge of the UE2 unit of the Upper Eastern sand 
complex - 
5——> 4-— > 2 (d) 


This fining upward sequence may also be typical of 


parts of the Viking sand members of the Dodsland-Hoosier- 


Smiley areas of southwest Saskatchewan (Evans, 1970; 
Reasoner and Hunt, 1954), and parts of the Provost sand 
units (Themes, L977). 
4. UW3 unit of the Upper Western complex - 
1 —> 2——> 3 — > 5 (e) 
This sequence lacks the Bioturbated Sandstone facies, 
which makes it unique. 
The following observations regarding the facies 
sequences were made: 
1. Coarsening upward facies sequences are predominant; a 
few, however, have no apparent textural variation (e.g., 


UE2). They may be erosively or gradationally based. 


Zhe 


te 


hinadsa mi ¢ ee fosidye tevewon, S976 mags sot edt 


ait 26 ys. .vd bexixetograde son oe aotaae iat 


292082 SND. pRibiaspet_ enoiis Wrondo priwos Lat ot? 


i'WURLWOnSTg ous eeatieapee woloni brew ooinseseoey -. 2 


i, coypt 6 sunit ge 
toh 8 << oe & Aa 


=) 
~ 


ot ae ) for De wea rhs 
aitan fj iv ¥iBv rod 7RCRRS sloisiw sihchcerates sed 


lz f eoonedpek « . nat snaverod (isrensp ‘area 


. 
=—*» 
* 


of peog tave se Benkbyp <5et6De Bae utsiis ae 


: nejscede mi: 
/ 


“yore 7) a ; Lr 


eeu STB werk | oer keris aki 
te Lbs em o @vedenon Siem palyiy ‘ent 20 ‘om 
(teas SHO poe = Te seonielse nee Yo aBo58 yetem 
cA ce H | 
20 #23xa8q Bae (aeen panue hive — 
Tad mS 
AyTer ,26modT) edit 
| Ye selgnios anedeen adic ocad to giag Wes 
(a) Cc =~ 0 ee S eee 
. ) - Ls . : : 
wOJ6n0ee Ssshitietord sip étosl somtioee etd. 


a 


supine 3) seem Adlvwes 


re] 


vp 7 
‘sham Sisaw ’soneuped™ 


rt 


Nolitjai yay Ls2vsres PASARIIH Of eved ,tevewod ,wady 


sd Yilstoitshe th toed¢heviaerta- Se ivi vadT {eat 
- ; * 
a a 
fll =... - "he 
. r hte 
; eta 7 i "Sam 
| OO, a | et ih Pe 4 a. ae ay | 


273 


2. In general, sequences exhibit marked variations in thick- 
ness and grain size distribution; however, most indivi- 
dual ridges are coarser to the northeast than southwest. 

3. Multiple stacking of facies sequences is very common. 

In places, the intervening fine facies BI is absent. 

The vertical superposition of facies may be due to pro- 
gressive and/or episodic basinal subsidence in relation 
to tectonism to the west and southwest of the study area. 

4. Sequences may be completely bioturbated and therefore 
G@eercule Co -suvdi vide, “e.g. the ra and Lig-sanct units . 
In such: cases, Nowever, “they do*’show the coarsening 
upward textural gradient. 

5. Sequences are overlain either by bentonitic and conglo- 
meratic mudstone or marine shale. 

6. Missing facies in sequences are attributed to one or 
more of the following: bioturbation, sea floor topo- 
graphy, water depth and flow velocity gradient. 

Photographs of some typical facies sequences are 


shown in Appendix Vb. 


Comparison with Previous Facies Subdivisions 


of the Viking Sandbodies 


The studies of Tizzard and Lerbekmo (1975) and 
Simpson (1975) “are two which utilized the process-—response 
concept for interpreting the depositional environments of 
the Viking sandbodies. Tizzard and Lerbekmo (1975) recog- 


nized three subfacies (Lower shoreface, Middle shoreface and 
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Upper‘shoreface-—Beach) an the Suffield area of Alberta, and 
considered them to be similar to those of the Galveston 
barrier Island of Texas. 

Facies BI to BIII in this text may be generally 
Similar to their subfacies. However, detailed examination 
of their facies in slabbed cores indicates that their inter- 
pretation may be in doubt. Recognition of facies BIV and 
a comparative study of facies BI to BIII with those of the 
interpreted southwest barrier Island, supports the present 
facies interpretation rather than theirs. On the other 
hand, any facies subdivisions» are generally fairly similar’ to 
the general facies recognized by Simpson (1975). 

The gross Similarity of facies sequence developments 
in space and time, coupled with the characteristic south- 
westerly direction of ee migration and the imbricate 
linear arrangement pattern of these sandbodies, indicate a 
recurring pattern of depositional processes and responses. 

C. Depositional Environments and Sediment 
Dispersal Mechanisms 

The characteristic lithologic aSsociation, common 
occurrence of glauconite, moderate to very strong degree of 
bioturbation, presence of Ctenoid fish scales, and the fora- 
Moenateral biostrarrqraphy (Bullock, 1950; Noreh ‘and? Caldwell, 
1975) of the studied Viking sandbodies indicate their depo- 
Sition under marine conditions. Chronologic and areal 


relationships with the southwestern barrier island(s) 
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gndicate’that the majority formed roughly 80 to 250 km off- 

shore. | 

Relying on the principle of uniformitarianism for 
interpreting and reconstructing paleogeography, an attempt 
will be made to compare modern shelf depositional responses, 
whose processes are known and relatively well understood, to 
those of the Viking, in order to assess the most probable 
sediment dispersal hydraulic regime in the Lower Cretaceous 
Viking Sea. 

Offshore sedimentary processes have been extensively 
reviewed by Shephard (1948), Allen (1970b), and Swift et al. 
(1971). The following four’main current systems with their 
energy sources are recognized: 

1. Turbidity currents are downslope, mostly deep sea, cur- 
rents kept in motion by gravity acting on relatively 
small differences in density due to dispersed sediment 
in the fluid medium. 

2. Semi-permanent or Intruding ocean currents are large 
scale currents, e.g. the Gulf Stream or Agulhas Current. 
The stress of the prevailing winds and the differences 
in temperature and Salinity between the poles and the 
equator are the driving mechanisms. 

3. Meteorological (wind-wave) currents embrace oscillatory 
motion, wave-drift, and storm surge caused by meteoro- 
logical disturbances. 

4. Tidal currents are produced by the attraction of the 


moon and sun on the surface waters of the earth. 
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Turbidity Currents 

Beach (1955) and Roessingh (1959) advocated turbi- 
dity currents as a transport mechanism for some Viking sedi- 
menis;, Gspecially the distribution of the conglomerate beds. 
However, the writer has seen no convincing evidence favour- 
ing this mechanism. The characteristic succession of 
sedimentary structures and textures typical of the classical 
Bouma model, and/or variations thereof, Walker (1979), were 


nowhere observed in the cores studied. 


Semi Permanent iCurrents 

Known present-day semi-permanent currents are mostly 
either continuous (Flemming, 1978) or discontinuous (Werner 
and Newton, 1975) undirectional flows. In the latter case, 
sufficient velocity to move sediment occurs only every few 
years over short periods of time. Large scale meandering is 
common, and seasonal directional reversals are frequently 
experienced (Kulm et al., 1975). However, where they inter- 
act with periodic counter currents or strong tidal currents 
(tidal range 6 m) their effects are suppressed and unimpor- 
tant (Flemming, 197s). 

On the Narrow continental shelf of southeast Africa, 
Fiemming (1978) noted, that surface VATeSittas of the Agulhas 
Current reach 2.5 m/sec., and that a bedform sequence rang- 
ing from gravels to ribbons and dunes and/or sandwaves forms 
in response to these currents. “The bedforms migrate” in 
Water Geptis Of up to 80 m. He noted, however, that. the 


deposits are physiographically distinct from those of the 
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wave dominated nearshore and inner shelf zones. 

Under similar conditions, the Viking sand facies, 
which show repeated evidence of waning flow, could have 
been deposited by semi-permanent currents. However, facies 
III would require periodic boosting by tide and/or storm 
generated currents. Since these currents vary in strength 
normal to the flow direction and are weaker with increasing 
PERCH jarchne Continencal Shelf (Banks, T973Shb), tacres I 
would reflect the deepest water, and facies III the 
shallowest. 

In the Viking case, the semi-permanent currents 
could have been a southerly flowing cold boreal current, 
opposed perhaps by a northerly flowing warm gulfian counter 
current, as envisaged by Kauffman (1975) and Boethling 
ys 

Although deposits of semi-permanent currents are 
very poorly known, and consequently no compelling evidence 
in their favour is recognized here, the writer is of the 
Opinion that they may have been a significant sediment dis- 
persal mechanism during Viking deposition. This feeling is 
based on: (a) the large dimensions of the well defined 
Viking sandbodies and interridge swales; (py their. far of f= 
shore positions; (c) their time and spatial distribution; 
and (d) the uncommon occurrence of such large scale, far 
offshore deposits on present-day shelves which do not have 


such currents. 
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Meteorological Currents 

Meteorological disturbances generate oscillatory 
wave motion and a variety of unidirectional currents, 
including wave drift, storm surge and storm generated cur- 
rents. 

a) Wave energy 

The absence of symmetrical wave-type ripples and 
beach-type stratification in facies BIII coupled with the 
stratigraphic position of facies BIV suggest that wave acti- 
vity may not have been a major sediment dispersal mechanism, 
at least on a regional scale in the offshore zone. Suspen- 
Sion deposits (clay, glauconite, and mud) in facies BIITI 
would not likely remain in the energetic wave breaker zone. 
Therefore, the sandbodies are not likely to be wave 
generated offshore bars. 

Facies BI, however, closely resembles Lower shore- 
face sediments of regressive shoreline sequences (e.g., 
barrier island). This should be expected because both 
shoreline and offshore massive sandbodies are shoaling 
geomorphic units. 

Dy * Storm surge ecbhoscurvents 

This is a large unidirectional backflow of water in 
a seaward direction after the passing of a storm. Present 
Gay responses to this process are characterized by graded 
bedding with sharp facies boundaries (Hayes, 1967; Rodolfo 
Stale LOT Kumar and: Sanders, 1976; Morton, L978) -and 


Pickey et al., 1978). Paleocurrent directional modes should 
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Pe Gcirected-offshore, | perpendicular to; shoreline: (Banks, 
1973b). Some ancient analogs have been reported by Brenner 


endpPavites) (1973); --apd?Brenchleysetiial. (1979) } 


Although paleocurrent measurements are not normally 
possible on core and were not made on the Viking sandbodies, 
isopach-isolith maps indicate that none of the units trend 
perpendicular or highly Ay Sea the strandline except the 
northeast apron (UW3) of the Upper Western sand complex and 
the thin Viking sandstone members of Dodsland-Hoosier area 
of southwest Saskatchewan. The rer deen and absence of 
graded bedding in these units suggest that they are not 
genetically related to storm surge ebb currents. 

The only graded deposit seen in the study area which 
might represent storm surge currents is shown in Plate 
SVidva lathe sunbicis aboute2efeet (05,6 m)psthick androccurs 
near the base of the Lloydminster Shale, approximately 3 
feet (1.0 m) above the top of the Viking Formation. 

Strictly speaking, this deposit may have been associated 


with the Lloydminster transgression rather than with Viking 


deposition. 


Storm Generated Currents 

Along the eastern seaboard of the United States, 
characterized by intermittent intense storms and abundant 
supply of sand, both small and large scale bedforms in the 
shoreface and inner shelf environments are responses to this 


process. However, the large scale ridge and swale topography 
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is perhaps the best studied and documented (Swift et al., 
BedtvaiI/2a; by 19 /2¢eSwatt ,.1974,a)975. Duane) et..al.., 51972; 
SrubbleLacldsceévaliyal97/5;,Swittet al .,i977.,.1978).-.The 
review below is based on these studies. 

The sand ridges are tens of kilometres long, less 
than 3 km wide, about ten or more meters above adjacent 
swales, and spaced 2 to 5 km apart. .Ridge flanks slope at 
a degree or less, but the seaward slope is usually steeper. 
Grain size ranges from fine to coarse sand (Swift et al., 
Poy Ss. Duaneretaatlvwy LO2)e 

Linear, and comma shaped sand ridges are common. 
They are nearly parallel to one another and trend either 
diagonally across the shelf or perpendicularly to the 
Goast.,.Many arey attached. to,the shoreface.at. acute angles 
of 20-409, opening preferentially upwind or downwind the 
prevalent storms. Swales or troughs separate them laterally. 
Migrating directions are predominantly in the downcurrent 
andaSeawardydirectionst? (Scwid teethad awl 7Se a Stabler al<;, 
Lowey 5 

The ridge and swale topography rests on a lagoonal 
substrate and is maintained by the present day hydraulic 
regime dominated by periodic southward directed unidirec- 
tional storm generated currents. Thus, fair weather and 
storm processes interact very intimately (Swift et al., 
10O7O7.5tubpleracid.andaSwitt.e1 0b Switt et. al.,019,73).. 

During major storms, large scale secondary circula- 


tion develops, currents descend into the swales and scour 
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thie bottom: Sand is shifted up’ ridge flanks and onto the 
crestal region in the form of sandwaves. Southwest advanc- 
ing waves winnow fines from the crest. The net textural 
result is one of a coarsening upward gradient, with coarse 
sediment lags in the crestal zones and swales. Overall, 
gentle landward flanks, ridge crests and swales are coarser 
while finer sediments are trapped on the steeper seaward 
Planks of “the ridges (Switt et af?, 1978+ Stubblefield et 
Sa oT Oy 

Fairweather process include normal processes and 
less intense storms. During such storms, wave surge winnows 
fines from ridge crests. These are resedimented on the 
flanks and in the swales. Normal oscillatory wave processes 
may generate small scale symmetrical ripples on sandwaves, 
or crests of sandwaves may be bioturbated while troughs are 
frerec wWituemuctup COT OeCmm rit On = (avi eC al, E97: 
Stubblefield et al., 1975). Generally, though, fairweather 
processes are completely erased by subsequent storms (Pickey 
Sy Sagat Oi nr cal AS fy 

A shoreface-connected ridge may be truncated by 
Honasnore currents at ics mee and be ts0lkared7on the*shelf 
following” a ~Eransgression (Duane et @2., “1972).~ Ridge main- 
tenance subparallel to the strandline is due to wave pro- 
cesses: however, their long term effect is destructional, 
particularly if the ridge crest builds up above wave base, 
where crestal aggradation by storm flows is balanced by 


crestal erosion due to wave surge (Stubblefield and Swift, 
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Mohan Stubblefrneld atcals:, h975). 

Although no sedimentary facies model has been for- 
mally proposed for storm generated sand ridges, it is 
envisaged from the above considerations that such deposits 
should reflect both storm and fairweather processes. Thus, 
they should contain horizons of relatively coarse sand as 
lag, and/or cycles of finning upward textural gradients, as 
hypothesized by Davies (1976), due to the waning storm flow 
system succeeded by fairweather suspension settling of clays. 

Although facies BI, BII and some occurrences of 
facies BV in the offshore Viking sandbodies may be responses 
to storm generated currents; it is felt that the characteris- 
Gics tof “faclesmBill places riamits ‘on wtherapplication of 3 
storm generated hydraulic model to the development of these 
sandbodies. Suspension drapes (clay, mud, glauconite) on 
foreset laminae, herringbone cross-stratification and dis- 
continuity or reactivation surfaces described in facies BIII 
are often associated with tidal deposits (Klein, 1977). In 
general, however, cross-stratification resulting from storm 
and tide generated currents are difficult to distinguish 
(Walker, 1979). Hummocky cross-stratification (Walker, 1979) 
was not recognized, but even if present would not be easily 
recognized in'core, This structure appears to be the res- 
ponse to storm waves below normal wave base. Its absence 
might suggest that storms did not represent the major trans- 
port process. The general absence of coarse sediment lags 


in these ridges also argues against an interpretation of 
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major influence by storms on the sedimentary pees: Further- 
more, the ridge and swale topography of the West Atlantic 
Shelf rests on lagoonal substrates and is intimately asso- 
Ciated with the nearshore zone and the Pleistocene rise in 
sea level. The offshore Viking sandbodies, on the other hand, 
were generated up to 250 km offshore (Evans, 1970; Boethling, 
1977b), and rest on the marine Joli Fou Shales, the upper 
part of which has been demonstrated to be scoured and possibly 
physically reworked in places. 

It is difficult to dismiss storm generated currents 
as a possible major regional Viking sediment dispersal mech- 
anism; the writer believes that they may have been important 
in the development of the northeast apron (UW3) of the Upper 


Western nearshore sandstone complex. 
Wadal Currents. 


Although tide generated mud, silt and sand ridges 
have been noted by Off (1963) on a Significant portion of 
the world's continental shelves and marginal environements, 
the tidal sand ridges of the North Sea are the! best under- 
stood, and have been described by Stride (1963), Jones et al. 
(1965), Harvey (1965), Belderson andeStride (1966), 

Robinson 1.9:66):,. Houbole-( 1968) , Kenyon -(1970)5) Kenyon and 
StriderH(1oi7 0) ».-Castom and! Stride (1970), MaCave! <h9 70,019,715 
1979) ,f Derwimdits(4971) «Stride: and Chesterman: (1973)%s and 
Kenyon and Belderson (1973). The brief review which follows 


draws mainly from these works, 
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The NOwEen@oea taidaltsandveidgésicare up torés km 
Pong, LO: te: 40m high .<.beto ts ‘km wideprand are spaced ibto 
9 km apart. They are predominantly linear, but S-shaped and 
other curved ridges occur in places. Topographically 
symmetric and asymmetric sand ridges are both common, but 
the latter are predominant and are characterized by a steeper 
offshore slope (1° to 4°). While most adjacent ridges show 
a strong degree of parallelism, others are connected in a 
complicated pattern. 

The sand ridges occur offshore as far as 120 km. 
Water depth ranges from 16 m to 60 m, but most commonly is 
near 30 m. Ridge crests reach into the zone of normal wave 
base and are, therefore, exposed to nearly continuous wave 
acerons 

Inter-ridge channels (swales) are 27 to 42 m deep, 
but their western sides are generally deeper; width varies 
from 1 to 9 km. Nearshore swales are wedge shaped, and 
"interfingering" is common; offshore, they are usually 
sevoldneé leransverse obstiuceions vee sageneral, the channels 
parallel ridge trend. 

These North Sea sand ridges are large scale mobile 
bedforms in dynamic equilibrium with the present day hydrau- 
lic regime dominated by diurnal and semi-diurnal rectilinear 
and partially rotary tidal flow. The ebb and flood currents, 
which flow in opposite directions, follow separate but well 
defined paths in the interridge channels (Caston and Stride, 
1970). These currents drive sandwaves and ripples along the 


channels and deflect them upslope with crests aligned normal 
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to the main’ current flow direction. These bedforms finally 
converge on the crestline of the ridges, which is periodi- 
cally affected by wave processes. 

Where the ridge is asymmetric (e.g., Wells Bank) due 
to the dominance of the ebb flow, more sandwaves are driven 
up the gentle landward flank and over the crest, to be 
deposited on the steep offshore slope... Waves also move sand 
periodically from the ridge crest and this is resedimented 
on the steeper slope. Sand is also believed to circulate 
around the ridge under the influence of what Houbolt (1968) 
thought to be a helical secondary flow structure. (McCave 
(1979), however, observed that tidal current directions do 
not conform to this flow pattern but agree with the pattern 
expected for Ekman veering.) In this manner, vertical and 
lateral ridge growth is accomplished, and ridge asymmetry 
is continuously perpetuated (Stride, 1963; Houbolt, 1968; 
and Caston, 1972). Caston (1972) suggested that as the sand 
ridges. migrate, they should tend to merge into sinuous bars 
and hf inably into a sheet-like sandbody. 

Like their storm generated counterparts, not much 
is known about the internal characteristics of these sand- 
waves except for the following observations of Houbolt 
(1968) from cores. The sands are clean, well sorted, and 
show no vertical textural gradient. Fine grained sand 
occurs on the slopes while coarser sand and gravel occur in 
swales. Occasionally small pebbles, some up to 1..cm in 


Giameter, are scattered here and there within some sand 
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ridges (West Dyck and Outer Gabbard). In parts of the steep 
Slope of the Well Bank, short clay laminae drape foreset 
beds. He interpreted these clay laminae to represent sus- 
pension deposits during slack,or high water of:-a tidal cycle. 
Absence of internal structures, erratic foreset bedding 
directions, and herringbone cross~-stratification charac- 
terize different parts of this sand ridge. Generally the 
sand ridges rest on a thin pebble lag deposit. 

Based on the asymmetry of Well Bank, and the sand 
transportcand eqrainfdistribution ipatterns, ‘Houbolt: (1968, 

p. 257) proposed a hypothetical model consisting of offshore 
dipping thick sets of cross’strata for this ridge. 

In the absence of a diagnostic facies model for 
these tidal ridges, Kiein (1977, p. 94, Figure 80) proposed 
an integrated hypothetical model for the vertical sequence 
of preserved coalescing, subtidal, tide-dominated sandbodies, 
based on the works of Reineck (1963), Houbolt (1968), Evans 
CLOZO)ize MeCave } (L971) ; rand s@astonm (1972) ¢rche-characterized 
each sand ridge with three subfacies, thus: 

lL. A basal thick cross-bedded subunit overlain by 
2. A reworked thin cross-bedded subunit capped by 
Siow -bhim chay edrape - 

Walker (1979), however, suggests that the internal struc- 
ture of tidal sand ridges should be complex medium scale cross-beds 
With ssetasléssiithansl mnthieke based ony the) gentle dip (Go)ajof 
the steep face and types of bedforms (sandwaves and ripples) on 


ridges. The writer is in agreement with this suggestion based on the 
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observations made in this study. 


The foregoing indicate the general poor state of our 


knowledge on the internal attributes. of these shelf tidal 
current response deposits. In general, however, tidal cur- 
rent generated deposits should be expected to reflect tidal 
characteristics, at least to some extent, irrespective of 
pier cCoOst Lonel setting yw .i1ddl characteristics, are best 
documented in intertidal sandbodies (Klein, 1970a, 1970b, 
70 yas HAadalrcurrent bedlLogd :transportywith bipolar or 
bimodal reversals of flow direction is reflected in sharp 
boundaries between sets of cross-strata, and herringbone 
cross-stratification. Reactivation surfaces reflect time- 
velocity asymmetry of tidal current traction transports. 
Although they are to be expected in tidal deposits, they 
are by no means confined to them (Collinson, 1970; McCabe 
and Jones, 1977). Alternation of tidal current bedload 


transport with suspension deposition during slack water 


periods is reflected in flaser bedding, cross-stratification 


with clay-mud drapes on foreset laminae, and tidal bedding 
(alternation of thin sandbeds with thin clay and/or mud 
laminae). Mud chips, shell lag, and intraformational con- 
glomerates reflect tidal scour. 

However, the occurrence of these sedimentary struc- 
tures and features in facies BIII of Sequence B in the 
Viking sandbodies may indicate their genesis in a subtidal, 


tide-dominated offshore hydraulic regime. 
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Under this interpretation, facies BI and BII would 
Popeescit deposits OL Waning tidal currents. The very fine 
to fine sand laminae and lenses in facies BI would reflect 
periodic influx of relatively coarser sediments into an area 
dominated by suspension deposition. Although it is tempting 
to interpret them as responses to storms (Simpson, 1975), 
the absences of grading (Kumar and Sanders, 1976), escape 
burrows (Reineck and Singh, 1975); restriction of bioturba- 
tion to the upper part (Chamberlain, 1978), and symmetrical 
wave ripples (Johnson, 1977), which are storm indicators, 
argue against a storm origin for these sand laminae and 
lenses. Goldring and Bridges (1973) believe such beds could 
equally be formed by turbidity currents, tsunamis and tidal 
currents. Although the role of storms cannot be overlooked, 
the Writer teels that these features seen in Viking sands may be 
responses to spring tides alone. Alternatively, semi- 
permanent currents, and/or wave input from storms and/or 
earthquakes may enhance tides to cause short-lived periods 
of very strong currents. Johnson and Stride (1966) noted 
that when storms enhance spring tides, one hundred times 
more sediment is transported than during neap tides in fair 
weather. Thus, each of the sand beds in aera BL Ls 
thought to represent a single tidal event in the manner 
envisaged by Stride (1965). The occurrence of glauconitic 
herringbone cross-stratification with a thin clay drape 
between cross—stratitied sets in this facies Strengthens the 


tidal origin interpretation for these sand layers. Singh 
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(1969) believes this type of herringbone cross-stratifica- 
tion) to: be fairly. diagnostic. of, tidal ,currents. 

The interstratification of suspension and traction 
deposits in facies BII indicates that sand was transported 
periodically, probably as thin sheets. Clay, mud and silt 
were deposited during periods of low velocity and/or non- 
existent tlow which would be at either low or high water slack 
periods of a tidal cycle. Re-establishment of biologic activity, 
plus the variability in thickness of the suspension deposits, 
indicates that low energy conditions must have lasted longer at 
times. Muddy deposits may also be due to lack of availalbe 
sand. On the other hand, traction transport and bedload 
deposition would occur during higher velocity phases of the 
tidal cycle. Tidal bedload and suspension depositional models 
have been described by Reineck (1963) and Klein (1977). 

The characteristic and rather complex superposition 
of low to high angle, medium scale cross-stratification (some 
of which is herringbone-like), the common occurrence of sharp 
discontinuity surfaces (some draped by carbonaceous mud film), 
clay glauconite’as drapes on foreset laminae, and mud clasts, 
all of which typify facies BIII (Cross-stratified sandstone facies) 
suggest tidal currents moving sand, and occasionally pebbles, 
in the form of dunes and/or sandwaves. The presence of 
ripples lamination: in’ this facies indicates that: at. times 
sand was moved in the form of ripples. Mudclasts may be 
indicative of tidal scour. The marked textural variation 


of. this,facies: from fine sand) to pebbles 
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shows that the tidal velocity fluctuated greatly; however, 
availability of sediment sizes may have played a part in the 
final size distribution ear teen! Organisms tolerant to 
relatively high energy levels probably produced the disrup- 
tive burrows of this facies. 

The position of facies BIV in the sequence suggests 
that for those sand ridges without overlying sand units 
(e.g., UE2),.it may be the organically reworked surface of the tidal 
sand ridge. After formation of some of the ridges, 
benthonic organisms recolonized the substrate and reworked 
the surface of the stagnated sand ridge. For those ridges 
overlain by another sandstone unit(s) facies BIV may repre- 
sent the basal part of some Swale deposits. If these inter- 
pretations are correct, the absence of wave-formed struc- 
tures in facies BIII, the common occurrence but varying 
degrees of bioturbation in all the facies, and the terminal 
position of facies BIV, may indicate that these offshore 
Viking sandbodies, especially those of the Basal and Lower 
chrono-intervals, formed below normal effective wave base. 
The common occurrence of primary glauconite in these sands 
suggests water depths between 30 to 2000 m (Porrenga, 1967). 

| Where sandbodies are vertically stacked in imbricate 
fashion, the intercalated moderately bioturbated mudstone 
interval represents facies BI of the overlying sandbody. 
In other areas, particularly near the Upper Western sand 
complex, the mudstone interval above the Lg and Ly ridges is 


predominantly the offshore mudstone facies of the 
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northeasterly prograding Upper Western sand complex. In 
Some other areas (e.g., Joffre, Joarcam). the overlying mud- 
stone is transitional into the deeper water facies of the 
Lloydminster Shale transgression. 

The four grade czonal Lacivest (Bl to. BLY) are, thought 
to reflect different parts of a.tidal current velocity 
gradient such as described and mapped by Stride (1963) and 
Belderson and Stride (1966), and applied to coarsening up- 
ward textural gradients of ancient subtidal tidal current 
sandstone ridges by (Banks, 1973b; Anderton, 1976). In this 
model facies BI would represent the lowest energy medium, 
characterized by suspension deposition and sand patches. 
Facies BII would represent the zone of continuous sand and 
muddy sand; and facies BIII, the zone of moving sandwaves. 


The position of the transitory sand ribbon zone is occupied 


by facies BIV. Facies BV may represent the zone of erosion. 


Bank (1973b) suggested that the zone of eroSion may not exist 


if there is abundant coarse sediment available. 

The gradual lateral displacement of facies down 
sediment transport paths under conditions of net deposition 
may explain the predominant coarsening upward textural 
gradient of these sandbodies. Although a coarsening upward 
sequence is commonly related to shallowing of the sea, 
Johnson and Belderson (1969) suggest this need not be a 
function, Of depth, as we lcouddvoccur under constant water 
depth conditions, especially in tide-dominated shelf envi- 


ronments. Thus, these sandbodies may have formed under 
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either fairly constant or shallowing depths. 

Tie Sharp. Lower contacts of the Viking, and the thin 
Upper Joli Fou sections beneath the Viking in places, may 
reflect tidal scours after Joli Fou deposition and before or 
during Viking deposition. Tidal currents are known to scour 
the seabed in up to 600 feet (180 m) of water depth 
feawtwlidnt. and Stride, L950, Stride, L963? Harvey, 1965). 
The filling of such scours is likely to have produced the 
fining upward textural gradient observed in the Provost area 
end along the northeast edge of the UE) unit. 

The morphology of these sandbodies (which may have 
been Similar to present day ridge and swale topography) 
suggests that the tidal current transport paths were along 
the swales. The presence of coarser sands in some of the 
swales studied, and the topographic control on the distri-~ 
bution of some of the pebble beds support this interpre- 

Coo LOn. 

The characteristic asymmetry of most ridges, which 
is consistent with the direction of ridge migration, and 
the lateral textural gradients (in the places studied) 
indicate that one of the tidal phases (ebb or flood) was 
dominant. A similar consistency between texture, ridge 
asymmetry, direction of ridge migration and the dominance of 
the ebb tidal currents, was observed by Caston and Stride 
(1970) and Houbolt (1968) for some of the Norfolk tidal sand 
ridges of the southern North Sea. The Viking sandbodies may 


have been. subjected to the same type of sand transport and 


he iW 

anisqab pnivo tela ay reme 
mT. St) Dr palnaV ons’ te ‘eeidaes seer dias een 
fom ade Funk pmbtly eHy tinsned § ctu fous 


<4 a 
St tect: fas a) Oa 2O79E ues pd cin Te Yeaas etieoR , pds “ ; 
(o58 oF Treo se eee fet oy i ic PEEnoasb 'y 
~~ 


et yotew to CH OBEY oat Oe os ae" ae ‘oda 
Qf ,Yavsed Paes ' of ts 98 BERL (ebEss2 bis 
1d evad oF VISSit ek -txpoe wee rb 
st% ons mr Bovrsede sia be xo! tesuuoy ee 
fan ot ei se" epbe fasta ae ied 
CoLtw } ‘a Te ahs iba ‘woud 16 ibtethak tees y - 
ed wei ways spbia VEB theedad ‘oa ek 
4 Degas? dae “Tebio sit? wali 


+ - 


a7 } : i? A ail fi + a 2X6 Ow 3G autieesxg edt . 


“2 wo Lesades sitgexpgod’ edd whe sth 


PsGI8. BChS IToOGe a sheet aaron ay 26° ims ton 


ee | fie 
es: 


t 340m 3a eed cimyas dideltetosiass aie 

MnO TLipim Sobit 8S nsEsnsus By edd aie’ 
eibhesa aensig gilt a) pesnstenap is : | 

st: (hG6IF Jo“ dde)! budeke- Debit ody Yo. en! stent “nt ett: bat : 
aepbhix ted 267 tes awd act yors Stelan: so se finde « 

to sonmuntmon ' ede Sas SOtINrb Im Spbis 20 ReLinezts i= nae: 
abixse Sie nojee ya be /isedo ‘saw ry ae 186354 
‘Ones [chit @lotsow adit Yo sins 1062 (bade) Hodeot ian 


jam Golhodbies pntary sift een d3-cewe ‘gedstevow' Ss ade Lei 


Dim 22ejiir? Bage Yo ae fyathie _ ad oer 
wit - 8 


iy 


a) 
; ; x - ; 7 , - : a ta [a 


: 
: 
z 


grain circulation patterns described for the North Sea tidal 
ridges. 

The probable syndepositional modifications of the 
L2, L3-L4g, Ls, UE2 and the LUCs5-LJC 2 ridges may have been 
partly accomplished by impinging tidal currents in a manner 
fairly similar to the growth and development stage models of 
the North Sea linear sandbeds proposed by Caston (1972). He 
suggested znurther what an gration) of the Norfolk tidal«ridges 
would result in their merging into sinuous bars and finally 
into a sheet-like body. Thus Klein (1977) hypothesized that 
the internal anatomy of such a sand sheet complex should 
show a series of imbricated sandbodies similar to those 
described by Evans (1970). The Viking imbricate deposi- 
tional patterns discussed earlier herein are generally 
Simi kaw <b0 eehojse of tivans.,(1970)s-stor whitch ai;tidal, iorigin 


is being advocated. 
Other Evidence, Favouring Tidal Orerugin 


1. - The-assocation, ofjran ebbsvbadalaidelta, fairly large 
tidal eee an extensive mixed tidal mudflat and tidal 
creek channel facies with the Viking barrier island sug- 
gests at least a meso-tidal (2 toe4 m tidal range) (Davis, 1964; 
Hayes, 1976) Viking coast pervaded by wave and tidal current 
processes. Although macro-tidal (> 4 ™ tidal range) 
coastline: -barrienaislands arevmare (Hayes; ).19:76) d02 of 
the world's (poorly understood) barrier islands exist in 


such settings: (Glaeser, 1978)... Therefore, Viking 
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coastline may have been characterized by macro-tidal 
range. 

Facies BI to BIII have many features in common with some 
other ancient sandbodies of inferred tidal current 
origin, such as: the Lower Cambrian Duolbasgaissa 
Formation of northern Norway (Banks, 1973D); the Late 
Precambrian Jura Quartzite of Scotland (Anderton, 1976); 
the Late Precambrian Upper Quartzitic Sandstone member 
of north Norway described by Hobday and Reading (1972) 
and re-interpreted by Johnson (1977). These outcrop 
studies relied heavily on facies analyses, but more on 
paleocurrent patterns in their interpretations. Examples 
from the Cretaceous Interior Seaway include the Upper 
Cretaceous (Santonian) Shannon Sandstone in the Powder 
River Basin of Wyoming (Spearing, 1976; and Seeling, 
1979); the Upper Cretaceous (Campanian) Sussex Sandstone 
of Wyoming (Berg), olo7 57 eKhlein, who 2 7secbrenner, 1978). 
However, elements of storm-generated currents were 
incorporated in some interpretations. In general, only 
Brenner (1978) recognized the surface bioturbated sand- 
stone facies BIV. 

Klein and Ryer (1978) suggested that the Cretaceous 
Interior seaway was characterized by exceedingly high 
velocity tidal currents, based on sedimentologic and 
paleontologic lines of evidence. They used the positive 
correlation between shelf width, tidal range, and tidal 


current velocity on Holocene continental shelves to 
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strengthen their interpretation, as the widest shelves 
are characterized by the greatest tidal ranges and 
current. velocities. »cthisrcorrelation|has-been tested by 
Cram (1979) and found to be correct. Paleogeographic 
reconstruction (Figure 4) indicates that the width of 
the Lower Cretaceous (Viking) -epéitic sea may have been 
in excess of 300 km. It therefore seems reasonable that 
the Viking Sea would have Beer characterized by a high 
tidal range. 

Johnson and Belderson (1969) suggested that shallow 
epicontinental seas open to an ocean or oceans will 

most likely be strongly influenced by tidal currents. 
They reasoned that if the independent tides of such a 
sea are negligible, changes in the configuration of the 
basin, particularly those caused by major diastrophism 
and/or continental drift will produce greatly magnified 
co-oscillating tides from the well developed external 
(oceanic) tides. The Viking Sea fits very well into the 
above geologic setting. Tidal exchanges are likely to 
have occurred between the Viking Sea and the northern 
Boreal and/or the southern Gulfian oceans in the manner 
postulated by Kautimanv (i775). The many occurrences of 
bentonite beds in the Formation is indicative of vol- 
canism, possibly related to plutonic-diastrophic acti- 
vittessin the Cordillera at about this time (Rudkin, 
1964). These in turn may have been due to subduction of 


the Pacific Plate beneath the North American continent 
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(Figure 3)” 

The combination of a very wide epeiric Viking sea, 
connections with the Boreal and/or Gulfian oceans, and 
Cordilleran diastrophism are appealing lines of evidence in 
favour of high velocity tidal currents during Viking deposi- 
tion. The results of the present study are in harmony with 


this’ tenet: 


Paring soand Members of the Dodsland=Hoosier— 


Smiley Areas of Southwest Saskatchewan 


Evans (1970) attributed the deposition of these thin 
sand units to east flowing tidal currents, mainly on the 
basis of the following ee ene. 

1. Interbedding of bedload and suspension deposits (clay, 
mud, sand and pebbles) supposedly laid down during high and low 
energy phases of a tidal cycle. 

2. An unusual WSW-ENE trend which is nearly perpendicular 
to the normal NW/SE trend of the Viking sandbodies 
covered in this study. 

3. The imbricate pattern of arrangement, with younger units 
progressively displaced southwards. 

He also assumed the following: 

1. That the Viking Sandstone is a een wedge; hence he 
lumped the Hamilton Lake (B ]), Provost and parts of the 
Lower sand and Upper Eastern sand complexes together 
(see his Figure I); 

2. The clastic wedge thins and fines to the northeast and 


east; 
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3. The sandbodies are shoreline and offshore bars which 
represent successive Viking shoreline deposits, and the 
northeast limit of the seaward advance of the clastic 
wedge was just south of the Dodsland-Hoosier area. 

The paleogeographic picture that comes to mind is 
that of a regressive Viking clastic wedge, or successively 
younger clastic wedges prograding to the northeast and east, 
just up to the Dodsland-Hoosier area. East flowing tidal 
currents generated the WSW-ENE trending and southerly 
imbricating thin sand units immediately seaward of the 
regresSive clastic wedge. This was depicted by Simpson 
Oro (547 Paqure:4C tand ih ..ps256 7) =| Themost obvious ystrati- 
graphic implications of this paleogeographic model are: 
ome DGSCetldal @urpentasandbodses should berstratignas 

phically younger and higher in the section; 

2. The depositional strike of the tidal sand ridge should 
be parallel to that of the regressive clastic wedge and 
more importantly, their directions of migration should be opposed. 

The results of the present study, as earlier dis- 
cussed, constrast markedly to Evans' paleogeographic assump- 
tions and the implications therefrom regarding the expected 
stratigraphic relationships of his sahd members to the 
so-called regressive Viking clastic wedge. Thus, weaknesses 
in his paleogeographic picture make aspects of his environ- 
mental interpretation vulnerable because the latter leans 
heavily on the former. Moreover, the imbricated pattern of 


these sand members is more complex than portrayed, especially 
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south of Township 30. Also, the WSW-ENE trend of the axes 
of maximum thickness development of his members (see his 
Figure 13) changes gradually but systematically with time, 
becoming nearly NW/SE for the youngest shaly 'K' member. 
This member was shown in the present study to overlap the 
thinenortheast edgevofwthe’ UES ‘sandbody. Whenrthese obser- 
vations are integrated with the tinie-relations of the thin 
sand members LO thesues Bett Weave it appears to the writer 
that the former thin units were being driven in a southerly 
borectton, \probably idestined tobe | adecreted:-ontojthepukEs 
sandbody. 

If this interpretation is further coupled with the 
configuration of these thin sand members in stratigraphic 
cross-sections, which compares favourably with the hypo- 
thetical sandwave slope facies (C) in the model of Nio 
(1976), the writer wonders whether these sand units did not 
indeed comprise an offshore sandwave field. This interpreta- 
tion would go a long way toward explaining the systematic 
change in their axial trend with time, the overlap relation- 


ship with the UE, sandbody, the multiple axial characteris- 


2 
tics. of members, the typical erratic thinning and thicken-= 
ing, the characteristic flattening and broadening exhibited 
by members in an easterly direction, and the southerly com- 
plicated imbricated pattern of arrangement of these sand 
units. 


Tide generated sandwave fields with heights up to 


15 m and more are common on most present-day continental 
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Shelves (Off, 1962). They may be isolated, as in the Taiwan 
SEcait (Bogg, +1974) ,and ,ther Irishusea (Harvey, 1965), or 
occur adjacent to tidal sand ridges, as near the Le Chapelle 
bank off the west coast of France (Cartwright and Stride, 
1958), and the tidal sand ridges of the southern North Sea 
(MeCave,wlIV1ls andaTerwindt; LOZ7L)w. i Thealattersfitelds«is 
more than 200 km long. The depth of water in which sand- 
waves occur may reach 200 m (Cartwright and Stride, 1958; 
ee 1965). Gravel, granules and shell fragments have 
been reported in sandwave troughs (Carruther, 1963; Drapeau, 
no 1.0.) 

Although not enough is known about the geometry and 
internal anatomy of sandwaves to arrive at reliable con- 
clusions regarding possible ancient analogs, the writer 
believes that the possibility of the rather anamolously 
oriented Dodsland-Hoosier thin sand members being a tidal 
sandwave field associated with the tidal sand ridges pre- 


viously described and interpreted in this study should be 


seriously considered. 


D. Conclusions 


Although storm and tide generated currents are con- 
trasting hydraulic regimes, the present level of our know- 
ledge of these processes indicates that their sedimentary 
responses are very Similar. Thus, there seems to be no 
unequivocal evidence at present in favour of the development 


of the offshore Viking sandbodies by the one mechanism as 
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Spposed to the other. However, the characteristics of 
Pactearollt ,» the stratigraphic posi tion of eae Bly, the 
time and spatial relations of the sandbodies, coupled with 
the meso tidal coastai barrier island and the distance 

of occurrence offshore are features that appear most com- 
patible with a tidal current hydraulic regime, and therefore 
most appealing to the writer. 

Deposition of these offshore sandbodies probably 
occurred mostly below normal wave-base in a subtidal tide- 
dominated offshore environment in a manner fairly similar to 
that of the present-day tidal sand ridges of the southern 
North Sea, which is characterized by a rectilinear tidal 
current flow system and storms. During Viking deposition, 
however, the tidal currents may have been boosted periodic-~ 
ally by semi-permanent currents, as well as storms. The 
thin sand members of the Dodsland-Hoosier areas of southwest 
Saskatchewan may represent a far from shore tide-generated 
sandwave field. In general, the offshore environmental 
setting was distinct and separate from the wave and/or 


storm dominated shore and nearshore barrier island deposi-~ 


tional environments. 
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CHAPTER X 


PALEOGEOGRAPHY AND HYDROCARBON DISTRIBUTION 


A. Paleogeography 


The Foothills *region of Alberta has generally been 
regarded as the major sediment source-area for the Viking 
Formation (Rudkin, 1964). Sediment contributions from the 
Precambrian Shield to the northeast was minimal. 

More specific locations and stratigraphic positions 
of the source area(s) were indicated by Stelck (1958, 1975). 
He suggested that the Viking is equivalent to part of an 
erosional hiatus between the following successions in the 
Foothills of Alberta and northeastern British Columbia: 

1. Lower and Upper pilatigeae Formation of the southern 
Alberta Foothills; 

ne Mountain Park and Blackstone Formations of the central 
western Alberta Foothills; 

3. Cadotte and Paddy Members of the Peace River Formation 
of the Peace River area; the latter member represents 
in part the shoreline facies of the Joli Fou and Viking 
Formations}; 

40 Within tthe Hasler ‘Shale and=the Buckinghorse Formation 
of northeast British Columbia. Stelck believes that the 
regional hiatus provided a proximate and adequate source 


for the Viking sediments, which were deposited during 
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a temporary still-stand of the Haplophragmoides gigas (Joli 
Fou) sea. 

In the Peace River area where much work on the Lower 
Cretaceous formations has been carried out, the Cadotte- 
Paddy-Viking relationship has been supported by Oliver 
(1960), May (1967), and. Koke .(1979).. The latest worker used 
the distribution of Haplophragmoides gigas to suggest that 
the Peace River Arch was expressed as a peninsula at that 
time. If this interpretation is correct, the adjacent 
Hasler (north) and Joli Fou (south) embayments would have 
been favourable sites for tide-dominated and/or balanced 
deltas. The.'Lower Viking' delta northeast of the present 
Jasper National Park area may be of either type according to 
Amoco, (1.976). «.Stetck (parsonal communication, 1979) .is.in 
agreement with the presence of a delta in this area during 
Viking deposition. 

Although no similarly detailed studies have been 
conducted in southern or southwestern Alberta, the writer is 
of the opinion that another, perhaps somewhat later, major 
source may have been located in this region. This would 
help to explain the restricted deposition of Upper Viking 
sandbodies (UE) around the southern border between Alberta 
and Saskatchewan and into southwest Saskatchewan. Thus, two 
major Viking source areas may have been located in southern 
and western central Alberta. This interpretation appears 
consistent with the thickest Lower Colorado deltaic sand- 


stone developments being in the Grande Prairie-Peace River- 
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northeastern British Columbia region; and near the Alberta- 
Saskatchewan-Montana boundaries (Figure 5). the apparent 
restricted occurrence of thickest known chert pebble conglo- 
merate beds in the Joffre-Gilbey (Twp. 39, Rge. 26W4M) and 
southwestern Saskatchewan (Twp. 26, Rge. 21W3M) areas, may 
be further evidence in support of this interpretation. If 
we accept a predominant western seaiment~source for the 


Viking Formation, one must fit the opposed directions of 


progradation and migration deduced for the shoreline and 


offshore Viking sandbodies, respectively, into this setting. 


Two alternate explanations are advanced to explain the 

observed phenomena: 

1. Deltas located in western central and southern Alberta 
may have funneled sediments offshore where they were 
redistributed and shaped into sand ridges by princi- 
pally northwest-southeast oriented tidal current flow 
in a subtidal tide-dominated environment. The sediment 
dispersal mechanism envisaged is partially similar to 
that which obtains in the Yellow Sea of China (Niino 
and Emery, 1961) and the coast of Oregon (Schneidergger 
and Kulm, 1971), where rivers transport sediments into 
the shelf environment. 

2. Some Viking sand may have been derived from deltaic 
deposits laid down during earlier stages of lower sea 
level; at least in the Peace River area where the Joli 
Fou equivalent is mostly missing (Stelck, 1958; Koke, 
1979). These sands could have been later redistributed 


and. veshapedsby tidal. currents ~with;a risexin the «sea 
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jevel, in a manner similar to the recent sands of the 

Filemisn, Hinder, falls, and Sandeltite tidal current 

ridges of the southern North Sea, which were derived 

from Rhine River sands deposited in the area during 

stages of lower sea level (Houbolt, 1968). 

If we regard the missing upper Joli Fou sections in 
Ene Provost) (BP] ana. BP>)> Hamilton Lake (57), JOUlme (Ldq), 
doarcam (LUC; 9) Beaverni bimLakes(BBHuy and BBuLT TP): and ‘basal 
Paro tie Upper Pasterm sandstone, (UES) areayas subsea scouts, 
then it appears reasonable to regard these sandbodies as being 
partly derived from reworked upper Joli Fou sediments by tidal 
current scouring. Depending upon the configuration of the Peace 
River Arch peninsula, it may have accentuated tidal current velo-. 
cities, and thereby enhanced the redistribution and shaping 
of some of the offshore tidal current and ridges. A generalized 
possible paleogeographic setting is depicted in Figure 113. 
Boethling (1977b) used the absence of a middle fore- 

shore to eolian facies to suggest that Viking sandbodies 
were deposited in water depths ranging from 30 to 150 feet 
(10 to 50 m), and certainly greater than wave base. The 
stratigraphic position of facies IV causes the’ present 
meee to agree that most Viking sand units were probably 
deposited below wave base. The association of Zoophycus, 
Rosselia and Terebellina ichnofacies also probably indicate 
water depths in excess of 60 feet (20 m) (Chamberlain, 1978), 
while the ubiguitous occurrence. of glauconite may suggest 
water depths between 30 to 2000 m (Porrenga, 1967). 


The maximum northeasterly and/or easterly extent of 
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the regressive Viking*shorelinejis»roughly delimited ‘by a 
northwest-southeast trending line from Township 35, Range 28 
through Township 31, Range 22 and Township 28, Range 20 to 
Township 24, Range 18 and Township a Range 16 W4M. North 
of Township 24, this limit was reached at about the time of 
bentonite A. Thus, Viking deposition occurred during what 
was essentially a still-stand of the Joli Fou sea, as sug- 
gested by Stelck (1958). The minor regression which took 
place was mostly a function of coastal outbuilding (progra- 
dation). The earlier termination of Viking deposition in 
the northwest of the study area may mean that the Miliammina 
manitobensis (Lloydminster Shale) transgression was Boreal 


related. Alternatively, delta outbuilding ceased earlier in 


Ene north. 


B. Relationship of Petroleum Occurrences 
to Stratigraphy and 
Depositional Environment 

Some Viking sandbodies produce oil and/or gas in the 
study area (Figure 2). As an outcome of this study, it is 
possible to group some of the oil and gas occurrences in 
time equivalent reservoir units, and to broadly relate them 
to depositional milieu. 


Presently known reservoirs in each chrono-interval 


are listed below. 


Lo -Basal reservoir units: (a) Beaverhill Lake 


(BBHLY and If), gas pool; (b) Donalda and Red Willow, gas 
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paGl (Cc) Hamilton jLake,( By), joi1 pool; (d) Provost .(BPy, 
BP2, BP3), oil and gas pools; and (e) Dodsland-Hoosier- 
Smiley (M and LL), oil and gas pools, southwestern 


Saskatchewan. 


Zi LOWwer ese  VOLm Un tS (a) goarcam (10C}>);, ;OLl 
eyicucas pools; (b) Jofire (idq,,, bd, Lidia} 7 Ol. Wpools: 
fe? Huxley (L5), gas pool; (d) Gesstord (1j-L5), gas pool; 


ance (e) Sedalia-Sibbald-Oyen (UE), gas pools. 


34: cUppem reservoirs Units: (a) Pind loss (UE). gas 
Pool eb) JAtiee=Butl alowUEijipsGas pool; (c). Cessford. (UC), 


Siiapoo) 7 .and  {d) Wayne-Rosedale (UWs)., gas.pool. 


Generally, oil reservoirs of the Lower chrono-interval 
are the most economic, followed by the Basal and then the 
Upper chrono-units. The reverse seems true for gas distri- 
bution. However, most sand units of the Lower chrono-inter- 
val (lower Joffre and Joarcam complexes) are presently 
unproductive. 

The far offshore sandbodies have been found to date 
to be more petroliferous than their shoreline and nearshore 
counterparts which have not been fully explored. All known 
Oil reservoirs in the study area are ee ea toebelong to 
the former depositional milieu. 

In some of the discrete and fairly isolated reser- 
voirs (é.g., Hamilton Lake (By), Joarcam (LJCj9), and 
Cessford (UC)), oil and/or gas are trapped up-dip at the 


northeasterly or easterly margins of the reservoirs 
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(Figure 114b). This part of the’ reservoirs is also rela- 
PuveLy coarser and Cleaner; probably “in: response to: stronger 
current flow. Moreover, this part of the units developed 
early, aS migration was to the southwest (Figure 1ll4a). 
Thus, the trap type is combination stratigraphic-structural. 

The productive multiple thin sand units (Beaverhill 
Lake, Joffre, PrOVOSt, Dods land-Hoosier) most commonly occur 
at the northeasterly or easterly edges of complexes where 
units are older and relatively coarser and cleaner, as in 
the more discrete reservoir units. Thus, the northeastern 
or easterly margins of northwest-southeast trending units 
tend to be more favourable sites of hydrocarbon accumulation. 
This location appears to be more a function of depositional 
environment than structure, although the combination trap- 
type coincidentally provides an optimal situation. The 
shoreline and nearshore sand units and the sandbodies west 
of the Joarcam reservoir unit have not been intensely 


explored by drilling and coring. 
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direction of tidal 
sand ridge migration. 
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Bentonite E 


Bentonite E 


b) 


Figure 114. a) Depositional history of reservoir unit. . 
; b) Post-depositional regional tilting and o1l and gas 
entrapment (e.g., By and IJC 2). 
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CHAPTER XT 


SUMMARY AND CONCLUSIONS 


An integration of core, electric well log and 
Seetecal, data Indicate that five (B,D, C, A, Ao) of the 
many bentonite beds in the Lower Cretaceous Viking Formation 
of southeast-central Alberta are regionally widespread. 
Some reached into southwestern Saskatchewan, where ben- 
tonites D and C may be, respectively, the same as the "MN" 
and "K" bentonitic shales Bt Evans Wl 70). 

Because bentonites are excellent time horizons, and 
the stratigraphic positions of the ones under study range 
from the base to the top of the Viking, they have been used 
to subdivide the formation into three chrono-units. Thus, 
the Basal, Lower and Upper chrono-stratigraphic intervals 
are respectively bound by bentonites E and C, C and A, and 
A-and A. This time framework facil ttated the examination 
of the depositional development of the Viking sandbodies in 
time and space within each time interval through extensive 
ULiligation. of stratigraphic cross-sections, Lsopach-isolith 
maps, and fence diagrams and cores.: Integrated analysis of 
the depositional relations of the sandbodies lead to a more 
unified picture of the depositional pattern(s) and history 
of these sandbodies, as summarized below. 


Following the widespread, predominantly suspension 
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deposition of the marine Joli Fou muds in parts of Alberta 
and Saskatchewan, sands of the Basal chrono-interval were 
laid down largely in four distinct areas, namely: 
Beaverhill Lake, Hamilton Lake and Provost, in Alberta and 
the Dodsland-Hoosier-~Smiley area of southwest Saskatchewan. 
The characteristic multiple thin sand development of this 
period appears to be gradational with the underlying Joli 
Fou. However, localized missing section (thinned Joli Fou) 
at the base of the sand units suggests basal scour before 
and/or during Viking deposition. Some may, however, be 
simply areas of non-deposition. These sand units define a 
northwest-southeast trend and lie at the northeasterly and 
easterly boundaries of the study area. Sandstone develop- 
ment during the somewhat later Lower stratigraphic interval 
occurred in the Joarcam, Joffre, and Huxley-Watts-Cessford 
areas (Lower), generally displaced slightly to the southwest of the 
Main areas of Basal sand deposition. This was the period 
of maximum Viking sand development. From 4 to 12 fairly 
discrete, moderately thick, chronotaxial sand units 
developed in each of these areas, and are regarded as com- 
plexes. Sand deposition in this time interval stopped 
earlier in the northwest, but continued in the southeast 
until very close to the time of bentonite A. Some Upper 
Viking sandbodies were deposited to the southwest (Upper 
Central), but most are..to,the southeast, (Upper, Eastern) ,of 
the Lower.sand. units. ,\The thickest. single. Viking. sandbody 


(UC) formed at this time. The UE9 member evolved from the 
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Pacat through the Lower chrono-intervais, but mostly during 
ene Upper.’ The Upper Western” (UW) sand units may have 
evolved in a similar fashion, but deposition appears to 
have ceased at about the time of bentonite A. 

Sand units trend northwest~southeast parallel to the 
paleostrandline except for the unusual WSW-ENE trend of the 
Dodsland~Hoosier sands of southwest Saskatchewan. Most 
ridges are elongate, asymmetrical and arranged in parallel 
fashion. The superficially sheet-like distribution of most 
sandbodies is a result of coalescence and/or overlap of dis- 
crete sand units. Imbricate stacking of sandbodies is the 
most common arrangement. 

Two opposed main directions of sandbody migration 
were noted for these sandstones. The Upper Western sand 
units prograded in a northeasterly and easterly direction 
while the rest of the Viking sandbodies migrated predomi- 
nantly landward in a southwesterly direction. The opposed 
sense of sand movement indicates that: 

}. The Viking Formation is not’ a simple clastic’ wedge or 
successions of clastic wedges younging in a north- 
easterly or easterly direction as has been previously 
stated in the literature: ’ 

2. .The Viking sandbodies exhibit different degrees of dia- 
chronism in different directions. Perpendicular to the 
depositional strike, the Upper Western unit youngs to 
the northeast, while others young slightly toward the 


southwest, the UE2 being the most diachronous Viking 
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unit in the study area. “Parallel to the depositional 
strike, the sandbodies also young ina soueee ster ly 
direction; consequently, the Lloydminster Shale trans- 
gression in this area is’*thought’ to be Boreal related: 

The opposed directions of ridge migration also 
explains the genesis of the mudstone unit which bears ben- 
tonite A, and separates the Upper trom the Lower sand units 
in the area of Huxley-Watts-Cessford and Bindloss (i.e., 
the area of the Lower sand ridge complex). The mudstone 
facies represents, respectively, the seaward and the 
shoreward mud facies of the northeasterly prograding Upper 
Western unit and the southwesterly migrating Upper Eastern 
units. It is not the product of a separate marine trans- 
gression, as Suggested by Tizzard (1974). 

Most importantly, the opposed directions of sand 
movement suggests two major sand dispersive mechanisms 
during Viking deposition. The northeasterly and/or easterly 
prograding Upper Western sand complex is probably a complex 
of regressive meso-tidal barrier islands (UW, and UW2) with 
associated shoreface or nearshore units (UW3) of wave-tide 
and/or storm Origin. “The barrier islands “along” the coast 
of Georgia are considered close modern analogs. 

The southwesterly (landward) migrating units are 
predominantly offshore, subtidal, tide-dominated sand ridges 
laid down below normal wave base. However, semi-permanent 
currents of “either Boreal and/or “Gulfian origin, and/or 


storm currents, are considered to have boosted the tidal 
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regime; hence, the large scale of these sand ridges. A few 
thin units (e.g., in the Provost area) may represent subsea 
tadal,.scour, £i11..depositss ,-IT&.is+ quite possible that the 
thin sand members of the Dodsland-Hoosier area of southwest 
Saskatchewan represent an offshore tide-generated sandwave 
complex. The present day tidal sand ridges, sandwaves and scours 
in the North Sea are fairly reasonable analogs. 

Tt is thought that much of the offshore sand was 
derived, trom the Foothill 1s,region, thneugh magon,deltas, 
located in the present Jasper National Park area, and, 
possibly, the region of the Alberta-Montana border. Minor 
contributions may have been furnished by sea floor scouring 
and reworking of Upper Joli Fou sediment. The distribution 
of at least some chert pebble conglomerate beds was con- 
trolled by seafloor topography, with thicker and more beds 
in the swales. Such control indicates that relatively 
stronger currents flowed in the swales and around the edges 
of the ridges than over ridge crests. 

Paleogeographically, Viking deposition occurred 
essentially during a vertical still stand of the 
Haplophragmoides gigas - Innoceramus comancheanus tidal sea. 
Minor regression in a northeasterly direction was mostly a 
funetion of eoastal outbusddime. “The northeast’ limit of 
this progradation does not appear to have reached as far as 
the position of the zero isopach of the Upper Western sand 
unit. Continued regression would have produced the super- 


position of shoreline facies over offshore sand units. 
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Individual offshore sandbodies are relatively 
eleaner andycoarser atong their northeast margins than their 
southwest margins. This lateral textural gradient is con- 
sistent with the direction of ridge migration and decrease 
in flow energy. It is reflected vertically in the coarsen- 
ing upward grain size sequence which is typical of these 
sandbodies. The greater accumulation of oil and gas on the 
northeastern or eastern ane the sand units is 
possibly as much the primary influence of the depositional 
environment producing better reservoir rock as the later 
regional southwest dip. 

More work on the Viking sandbodies of adjacent 
regions is necessary for an overall definitive regional 
interpretation of depositional environments and paleogeo- 


Graphic setting of the Viking Sea. 


ia 
+4 
b> ener 
fe 
7 


a 
: ; an 
$ " ‘} ¥ & ; 57 ¥ B05 ou 5 +t SHKS s 
' i 7 


Ww — —s 7 = 
fey Sn Ip tar ta oivrt ToS 
—- 
> Soe 
= ’ 
- . ‘ ” ~~ 
i) is —) at Lo we Tee al . Ww iroaze ‘T 
m f pr 7 
‘i eS 
y | (Aw , > 
as < ; ’ 2 ae 
es 
f * ed =e 400 
’ 4% 23) bodby 
7 
; ae 
es 2seRtene 
A : -_ 
onal 
T - » ’ 
- ¥ 7 ia 
y) | yids 
i : p 
afi er Lordi ak 
i ; 
sri / ¢exnoltim 
‘ % - 
on p' é if * a & a = 
, : . ; 
» BIE ‘ EL Sriotpoe 
r f : 
” in a. 
; = gee < 50 bo ia see 
'' aw Ft rare. 6 > > re 
vy ie 
~~ 2 
\ 
is - 
ete k 
a - * 
du 
. 
if 
Pe i 
@ 
; 
t 1 q 
4 : 
ie ae 7 
= if 
= - ’ rs “et a 
: 4 t ” 


BIBLIOGRAPHY 


Peano, sli. O..4 Gray, Wiehsi,i and Mmassube),. J.P 4,.1977+.. fhe 
Provost Viking ,'C' oil pool east-central Alberta: 
Cami mec. Merroleum Geologists, iWull.y. Ve °25(3), 
Dp... 396-409. 


Allen, J.R.L., 1970b. Physical Processes of Sedimentation. 
London: Allen and Unwin, 240 pp. 


Amajor, iiwC., 2977 2»Some, Viking: bentonites,. south-central 
Alberta; Unpub. M.Sc. thesis, University of Alberta, 
104 pp. 


Amoco Canada Petroleum Company Limited, 1976. 1976-1977 
thesis topics. 


Anderton, R., 1976. Tidal shelf sedimentation: an example 
from the Scottish Dalradian: Sediment, V. 23, 
Dp 77429453. 


Badgley, P.C., 1952. Notes on the subsurface stratigraphy 
and o11 and gas geology of the Lower Cretaceous 
Series in central Alberta: Geol. Surv. Canada, 
papery 52-1. 


Bahan, W.G., 1951. Microfauna of the Joli Fou Formation in 
north-central Alberta: Unpub. M.Sc. thesis, 
University of Alberta. 


Banks, N.L., 1973b. Tide dominated offshore Sedimentation, 
Lower Cambrian, North Norway: Sediment, V. 20, 
Dp. ZiSe225:. 


Beach, Bakdetios5. tCarndium,2a turbidity current deposit: 
Alberta Soc.,Petroleum Geologists, Bulduy V1 3(8)y 
pe. B234525 . 


» L956. Reply tombe Wiel pon. .Tucbidity current 
deposits: Alberta Soc. Petroleum Geologists, Bull., 
Ve aA Sips. 2b /Sk fetes 


, 1972. Viking deposition (discussion): Alberta 


Socs<Petroleum Geologists, Bull., V., 10(4), pp. 
210-212. 


316 


| j ed a 
YHIANSOL IALe 
2 a a ‘ 
r} = ” 
Ss 
.- ,edgegesn bas ° sie : 47028 
Teo-Jeno 1ooG Jim *o* PtEV ovens 
| sigrnolosd- wwe tise : dae (eS TaD) 


aN 1 eB ORE 99 


i ’ ; : - ‘ ig 
ie ta 3 pesos | Pee Ava <d0¥ OL AN ri “ 
ad O vedwa ped re liao paebaody 
2 hnotnod, prai¥, amod reer 
, mil . af ee aS, ele. ms, _dieqate thie 


) aa bob 


ittmkz 3 yargnou sie toreeg shehaiee 
entgas akaady:. 


lers Lobe? NOL. im vm 
Wihesiay welsdane~ sds mod) 


823-803 a 

is. od go @eesoy Seer ae q 

wo) ott Bo ee pie ep bine Sito bas 
t 3 ‘Levinidso nl setuek 


VM ite d's ELSE seda4 7 


AWE @ Be | Hi )4Gi 2n3 ¥9 auwetoxn m8 her ® mDave:: 8 
eteodt .98.48 .dbanl  sacyediav ise: epee i 
art. ; | BI TOdLA to yt tomgive 


. we 


Oise srzefeitc: basarmiaon ein dEFeL , 1.4. sitoeee 
SSS BSS a Yaw (om A210 ,aelyzamnD sew] 
+e , & »8SS~EL5 “OF 


1 Soesiwe yothidset-s fmukbsed GEL yen Ml, isead 
/ 4 £f98 ,ateipoiesn musLosjet 508 Shanta ; 


. pPSL-ESE posits 


stbidue? to LoiW eG of ykaor "VaReL .< 1) 
Polos’ ma botjet . 908 sizeglA  :eeteodss. a 
TESA l cag 1 (OYS iN 


ULuelorib) eotpecqob pRrrAagy ater ‘ 


¢@ 


i..% weet: snag tvOl ase mialowaed . 202. 


a oe 
¥ ” a 2 Md 
’ a ’ uM : ; 
a i 7 
, aD ' ‘ @ 
Slatted ee a ee: a a? or ek 


317 


Merde, Son, KR.n., and Stride, A.H., 1966. Tidal current 
fashioning of a basal bed: “Marine Geol., V. 4, pp. 237-257. 


Pero, ki.R.y and Davies,.D.K.,919,68...; Origin: of; Lower 
Cretaceous Muddy Sandstone at Bell Creek field, 
MoDtana i744. Assoc. Petroleum, Geologists), Bulls} 
Va (32, po. Lede-1 898. 


__» 1975. Depositional environment of Upper Creta- 
ceous Sussex Sandstone, House Creek field, Wyoming: Am. Assoc. 
Petroleum Geologists, Bull., V. 59,.pp. 2099 - 2110. 


Berg, R.R.,-1976. Highlight Muddy Field, Lower Cretaceous 
transgressive deposits in the Powder River Basin, 
Wyoming: "Mth. (Geol. V.. L362), pp. 33-45. 

Pernard, H.Aw Ueab ancy irnus., and Majom, CARs 751962. 

Recent and Pleistocene geology of southeast Texas, 
field excursion no. 3: In Geology of the Gulf 

Coast and central Texas and Guide book of excursions: 
Geol. Soc. America Ann. Mtg., Houston, Texas: 
HOUSTONMGEOL. SOC., Do. 175-225. 


Boethling,:Jr., F.C., 1977a~.., Increase in gas prices rekindles 
Viking-sandstone interest: Oil and Gas Jour., V. 75(12), 
Des 296-200. 


, 1977b. Typical Viking sequence: A marine sand 
enclosed with marine shales: Oil and Gas Jour., 
Vatvetl 3)nePpenl agai foe 


Bogds, Sam, Jr., 19/74.  Sane-wave fields in Taiwan Strait: 
Geologw, Viis2)  ppheaseb=253% 


Brenchley, P.J., Newell, G., and Stanistreet, I.G., 1979. 
A storm surge origin for sandstone beds in an 
epicontinental platform sequence, Ordovician, 
NOGWay Spiced iment seGeoka. “\ie i222 ip. L85-217.. 


Brenner, R.L., 1978. Sussex sandstone of Wyoming - Example 
of Cretaceous offshore sedimentation: Am. Assoc. 
Petroleum.Geotogisice Buildin, My. 62 (2). 4 Pp) Lot 200. 


, and Davies, D.K., 1973. Storm generated Coquinoid 
Sandstone: Genesis of high @nergy marine sediments 
from the Upper Jurassic of Wyoming and Montana: Geol. 
SOC. .-Aiebica,... Ulla. BO VDD ae BLOG O- 1698... 


Bullock, D.B., 1950. A microfaunal study of the Basal Lloydminster 
Shale: Unpub. M.Sc. thesis, University of Alberta, 43 pp. 


Caldwe Ui 20. aG ebink NOt thyeikeh eee ee Lele, KCaR yt Wari pi Pupp b9 78". 
A foraminiferal zonal scheme for the Cretaceous System 
Cotes tnterior Pacnimemo. Canada: In Stelck, Clk. and 
Chatterton, B.D.E. (Eds.), Western and Arctic Canadian 
Biostratigraphy, Percival Sydney Warren Memorial Volume, 
G.S.C. Spec. Paper No. 18, p. 495-575. 


e a - 7 Ten mf % i he 


dneasu Labtt eee gat A obi? baa ate 
VEGRVES qq «fh VY y-foe aria bed, hae é 30 


Ketek ao 
=~ ye 


zowed Io akpiwo “Be8L it \potved toa ¥? fe i 
i982? xoox) Liok ge sadehree ybbia Z2ue8 ra 
_tivt .eseltpelosd avelosted ..oges oma eer 
: | ~ , BOGI-88Sb woe 4& 


749 toad! to snemnortyad Lanois faced. ”.6te. 2) -. 
wi (oben =. Dit? Seek? Sanh cd bal yee BUCH 
Cif ~ C808 .9g ,02°.7 \. Link \ateleaiogs mero bordet 


stev> tawolt .bisi9 Yohull tdppigese Geer <hetd 
gi ih tetwot, enya athae x t= pa) sridesronies at f 
Ph-GE- ag COE B Dv 3 ieee i — ae F 


tar 7.2 ,7OCet Das .. i vonaia ed helt cd 
ip ijo0Ce 3 7 28% syle sake ine rr 
42 lo vedloeo SESE lan ger dsvoxs Bioe. 


) 4 cox =a 5 pO {tO nts 1aBOD 
“ 4 oe ~ > fogo) = f 
46) = is toad eo 4*a 5: SEMA ~002 a © aie 
c' 7a | oo8y (Fosse Pacha 
1. 1 We ers aur Adee 4 Pie 5 a a* 14 a oct {sf | 


Siiek VY 4. w0b neo Bae CLO peste edateboee--o 
pried te 


a. 


sotuam A fopiieuree poasulvy Iegafayt. .ovier a] 
Woy eao bite i‘) teeksds enitsga noise beegione 
aU L212) 464 « CEAPY * 


“ 
- 
. 
? 
=. 


7. P _ a ‘ = " 
at ; iia oa Lor 7 SVAW-ECTsRe . ates ah «> +MBS% 
shes ss VF pypotosa : a 
> rs - iy ‘¢ 7 
t/¢ I Th 3 2LARS a Det & 4 * a ‘ Liewayt * «bu ve 
| viel sooteinet. 20). aipiye-spre8 gmo7s A 
1 7Ob70) >", sarang sated Pesan z2noscas 


a 28> oe oe thoméitee > ato 


: fl rn 7 
cine 72 onot¢bise nazeee. .8vOLSy.d.R 


' he ‘ 
L MAS SROLS peas: hee jniitas 26 HvGSoRs oF) te 
{si me ¢ ccrea. Pe a va Qiefpaléso nrasiomss 


migpe>. betezpner. mtoOs 8 at\ Et (4.0 ,Rerved hae, i] _ 
shvemibor sarzak yotins Teta io elves “ssnojebass «oe, 

ay rrantoed os onimoywW Fo sieveqt seqqu aio morzt’ *. = 

Col-dGal ag ,b38 .v \ tive daa O08 «4 Z 

JanipbveL!l [ase aft to viurte Tersistosoia & Gees ~-o.9 took tow! 
xy £)  -oreedtiaA te vileweving .einems joe.M coat -saied ae 


C4 .8.0 ,ffeW ,,4.9 ,dstese A. Yaseen ao Aowhis - 

fes~s] bas sit. 39%) ander Lance Lesh ming tot A i. 

ime .1.9 \Aoisda ol «ebens? 35, onb ete weivesnt ons al <4 

tbe A bate nveggeW. (.28t) 2oee (te aged cdD in 

Pag Leloguss ed Taw vaaeys. Lave nig vee: tpisazteuia 

; . 4 20g mReh og af .of s6ge¢ «seq rate By 2 
> ; 


— ee u @ ’ A Miles, 
ge SII, | 8 2a , “al mak . 


318 


Carter, CeH., 19784 A-xegressive barrier and: barrier- 
protected deposit: Depositional environment and 
geographic setting of the Late Tertiary Cohansey 
Sand: yw Joussesediment:. Petrol ip iV. AB; pp.+.933-950. 


Carruthers, J.N., 1963. History, sandwaves and near-bed 
Currents OL La Chepetle Bank: «:Nature, V. 197 
(4871), pp. 942-946. 


Cartwright, D.E., and Stride, A.H., 1958. Large sandwaves 
near the edge of the continental shelf: Nature, 
View ot (4602) wpe n4h2 


aston, VNIDe, io. thinearnisand banks in the southern 
Noriniieea: —Setiment.;, Vel b6, po. 63-78. 


prandesctriae, Aal., L9/0i.eTidaLisand movements 
between some linear sand banks in the North Sea 
efEanortheass.Norialk: «<Marane Geol., V.-9, 


M38. - M42. 


Chamberlain, C.K., 1978. Recognition of trace fossils in 
cores: In .Basan-P.By (ed-~).,1Tuace fossil,.concepts, 
SeleRaM. /SROECTOCOULSERNG $45, PPp.wlL33-7184% 


Goleman; yer, 7andawright;, bebe, £973. Sedimentation, in 
an arid macrotidal alluvial river system; Ord 
River, western AuStralia: Jour. Geol., V. 86, 
pp. 621-642. 


Collinson, wWieDi7 19/0." Bediorms oF the Tana River, Norway: 
Geogr erAnn i rn, VY. O27 eee eae) D. 


Cram, J.M., 1979. The influence of continental shelf width 
on tidal range: Paleoceanographic implications: 
JOUE. {Geol 3+ 8V wall oe. ee ola 4a? < 


Davidson-Arnott, R.G.D., and Greenwood, B., 1976. Facies 
relationship on a barred coast, Kouchibouguac Bay, 
New Brunswick, .Canada su sin Daviisudr apnReds. (Ed +),, 
Beach and Nearshore sedimentaton: Soc. Econ. 
Palteonty Mineral «.Spee. Publ. No. 24, pp. 149-168. 


Davies, D.oK., Bthnnidgernce:Gerland Beropik-=Rwen lt Loses 
Recognition of .barrier environments: «Am. Assoc. 
Betnoveum Cealogisctem eu b. jyaV. 55, pp... 550-565. 


Davies, D.K., 1976. Models. and concepts for exploration 
iMnaBarrier.Loland?*) finweaxenay.peicS: .fedaiy 
Sedimentary environments and hydrocarbons, AAPG 
and NOGS short course, pp. 77-115. 


Davis, J.L., 1964. A morphogenetic approach to world 
Sporeiuneat, Gepeesweus Geomorph.; V. 8; pp. L27-242. 


De 2 


tel@Thi gee xR 7V-y opgeiampa sw! en Shes Gstaad tYetors | 


{Ag A 


i ai. @ _ 


felyusd ban woliged, oviesenpee A Teves 

atte (mete yPVvWS Landis ieoged eds Pye) 
raunetoo vuclowe? t& Bad art ta elt ae. ore ice, 
NGPELE gy Ode Vy eet oases bez. Tut 


er bas Bay WEML.8 cS | Yiotas fe . $gOs \ Mt <2 alah 
V ,eavven tkobe siisgers ena 40) 
* ebe~fae~, 


3 Ao | waiter. GOL WN? < 
SHE (ict fonor m7’ TO 
« 
ef a 
| 
Pe e »i 
Y : its STi ;, i. 


v (os) salts. ykieieod tenons toa 205" | 
; ' «5S cei + BEM), 


: é i ? cr u irtp yoo or 2. ch 25 ately , 
‘i ensul .(.65)°,809 Reese Oe Seetes] = 
1 a4 ( é of sea0en szoda 4.4.7 .e 


Fs 


ou 
By Se ay ' 4f - { , a I % a] iD 4 = w ci 4? M. G. we 4 -3 
: " = L& t i! nf & J. faaly sy OT6 vind Go r a8 as 
eo Vio yofe fest (oriseceuh oseieeaw peel, 
* a anf na Pas is | 


CTovin. wep? off) oe enntabee renee ar: ae 
RG Li Pay etlnnA ~75080 


llede Udwweloned Be apnoultnae ef?) Teper Met wer 
: “nm a neeagsis? , sapkes fsbla ne : 
\bh-Lae , gg" v8 a¥ , - L060 a ' 
isasl 4 Cee i ,Oeowiedexre baa -, 2 iH Orne ‘<ioahiwad 
“4 onvevGd doped .Pasoas Soapgsse © ro qidagot ss fox 
ay el 4 eG eived ab Oo ShEnao VADZLWeanvIs we sc Mlet 


Nook, .owe - tnesedabuibea fice set Bis nosss’ 
HOL~ COL .aG", AS Jom , fides vedd .lorenie Joelle? ; 
(ve ALR \Reod bis’... F-psephiaish .vw.4G eoLved~ | 
OOeeA..m [23 7omerTeVvoS tstaaed (to .koHi? chooses 
scde-Oee .gy ~<20.¥ yelilus .aseirnolosbaitneloxis4 : 
= / ' ry 
, a ‘ e- a ie ; 
‘eLoLuKs tor etagshes has alakan Gil . AeU ,2oived 
1 (08) -<3.8 ,SNGKES at. ebnelel valiies 
. , comiieoorbys: bie eenenaavavns Vistnomibee 


eLi-\; °«G@@ \aesutg £3008 B20, brs 
bistow ot oneere "osssanrodaaper A PORE LE, fi ei val. 


— ra | . - A : 4 


319 


PesJong, 2D. 7 “1977... -Duteh “tidal flats: “Sediment? Gedl., 
VEL, poteno2sh. 


Be Wiel, dshvhry £9567 “Viking and /Cardium not “turbidity 
current deposits: Alberta Soc. Petroleum Geologists, 
BULU 2) -Vie4 03); Pp viise2£7-4 ¢ 


Dickenson, W.R., 1971. Plate tectonic models of geosyn- 
eliness= Barth Planv*scis srethey evo 10y pps P65-174; 


, 1976. Sedimentary basins developed during 
evolution of Mesozoic-Cenozoic arc trench system 
in western North America: Can. Jour. Earth Sci., 
V.5139(9) pp. l2essa287'. 


Dackinson, “Kh sAS, “Béereyhnail det), oH. Ly *and ‘Holmes Pre .w i, 
Pie Cricertaeror recognizing ancient barrier 
GOastlines?. in Rigby ,. hprand ‘Hanbiing WmeeKs po. > 
(eds.), Recognition of ancient sedimentary environ*>~ 
ments: Soc. Econ. Paleont. Mineral Spec.--Publ..:* 
NG eG; (pp a Oa 2aaN | 


Douglas, Rigs , Gabricise), Hly Wheelér)*7 70+, SECGEt, D.F., 
Belyea, H.R., 1970. Geology of western Canada: 
Geol. sury. Gan. vncom. Ceol. Rept. No.1, 
Pps 867-4854 


Drapeau, G., 1970. Sandwaves on Browns bank observed from 
the shelf diver: Maritime Sediments, V. 6(3), 
ppt 90-101. 


Duane, DIB, «Field; -Mvb., PMeisberger,;, E.P., Swift, D:.J.P., 
and Williams, S.J., 1972. Linear shoals on the 
Atlantic continental shelf, Florida to Long Island: 
In Switty D.JYPVE (Duane rDIB.) -and «Pilkey, /O.H. 
(eds.), Shelf sediment transport: Process and 
pattern: Dowden, Hutchinson and Ross Inc., Strouds- 
burg) -pp.« 447-498 


Balph, BVWY; 19550" The inclined oill-water |\contaéct atthe 
Joarcam field: Alberta Soc. Petroleum Geologists, 
Bul s pA 29S) ep moore Oo 


Bicher,, Dilis, 2960. ‘Stratioraphy and micropaleontology of 
the Thermopolis Shale: Peabody Mus. Nat. Hist., 
Yale sunive (Bulbs, @usSyelzocpp. 


Eisbacher, G.H., 1977. Mesozoic-Tertiary basin models for 
the Canadian Cordilleran and their geological 
Congeraimets: Can your yw oBar th Set.5° VeoL4(L0), 
pps e24P4=2447. 


‘on Wea} 


WI ID CGICo td) I 
-, f - d 
eae MUS LW ost 
sD 
} ff 4I 
3 ; : * 
C 1S 
fj 4 
9 
A 
oy : 
; ni 
as ' 
i Tt 
i g ; 
«+ yr 
=i 
} 
if 7 f 4 
) 
(LAG et. 
€ . . _ ° 
a? FRET 
ALAS Bis 
ey 7 
‘ * wl LP } 
c sot #E02i 
f 
1 
> ts (toby oacd ser 
_ ‘ vig: - = 
ra a t: jails - 
) fe t * j Ley 
haut ou. BLA 
: : i ni tesea 
' 
LS PLOSD 
> f 
‘2 * 4‘ V bi 7, 
’ 
F 
x i ft 
ey 
7 i 
i OER ee, 


oe POTS. ee 


b eriend vr redismt bse 


bee suty ise, vad iieda, ott 
401-0 ‘—t 
fepyadéieM “la, A yhleks- 4a ia 
OES “avs re er , mel LL LW rs 


(Ss %sT- 9foasm <7 (0... 8.2 . madeedere 
Ot Dts agtentibrwad relhsard sks 


- phe al 


ory wr 


moet} rebts er eprct eres qothet a 
: vegver Be | { a 


ne patie ‘Bee f oe Mite 77 
ee BIxOd IS fast enaals Suex 5h 


ib, 7! “ENT APS Bits ow = 


AW 


ne, 
; Fe 


anal 


< > 7% 2 
Sf OS ons j-5 ros nam ‘ 

ae i (ies, | LOS c> 202 ‘et Tes e 

. ROL roy Z aw ‘a? an 


~ i ie 


u6) "sé GT2O4 Tis Ate 
“TSVOSL “B95 TE | poe es Rt Se 
z @. 
LH -oswet Dittesiel 9 ACA see 
=“INtpoouey tos. eiyzea7 is roveL iy 
(4. G9 Vipin a Peerii tenes 
ISI: 2OROLIeReCese V4 abe) 
IAGO=MLAS . One . oon. -:ad Anan 
~big-} ‘99 or + OF 
rsiosiw (. \erletwiee® 2 wets 
Loto’ .OL . (an seevior 
So .fG02°,.n6o. .viue . ioe, 


PBRR@VAE x qe 
OTeE 


sv gHoNtse 


ae 


\ikeode Lesneditnoo ofnsis 
th Somer’ 22 Ge partie’ nt 
tfenithsa SIotc: . taabs) 
cS IO: .aebwou”’ se 4eti«q 
| ‘BOS-TRR gee yp sit 


ent” Lecel"  Cwie gion 
SILA ;hlabd mevizsot r 
» 7a 5 3 ay ) . V - 1 (ea 


vf Cis 


er ey 
The =e oy 


O Swen 
Sqr B= v¢< 
EI <-?@ 


“, 
i it ¢ 


an pre Vaob spss 6222 
-Ss16a¢ 
ot 


’ ae 4 ‘ au ° Cc 
e gt noni s iT ert 
dia? Wid eta? 


‘ s9dohr - 


lee) IOs 


efniaxvsedos 
SHRE-b4 


Pa. 6c 


: 
dt 
és 


320 


EvancyrWw.E., 1970. Imbricate .loanedr “sandstone ibodies-of «the 
Viking Formation in Dodsland-Hoosier area of south- 
western Saskatchewan: Am. Assoc. Petroleum 
Cecglogusts, Bull yeav7e54(3), pp. 469-486. 


Bysinga, Pow. Beyelg7s. Geological Time Table;cElservier 
SeventrEepeePubl. .Comps),lerduBdits 


Finley, R.J., 1978. Ebb-tidal delta morphology and sediment 
supply in relation to seasonal wave energy flux, 
North Inlet, South Carolina: Jour. Sediment 
Petrol , Verso), Pppar 2294238. 


Flemming, B.W., 1978. Underwatér sand dunes along the 
southeast African Continental Margin - observations 
AuduimMplLicatrtons tetMarineghcok. g:. Wn 264 ppeth774198.. 


Gammell, H.G., 1955. The Viking Member in central Alberta: 
Alberta SOc. Petroleum Geclogrsts, Bubl., .V.« 35), 
Pp eO37609 2 


Graecer Rus Y, ORS AnGlobaldistrrbutioneds | Barner 
Islands in terms of Tectonic setting: Jour. 
ceotogy, Mene6(3) $opp.. 2egSs29 Ve 


Glaister, R.P., 1958. Petrology of the Blairmore sand- 
stone: Alberta Soc. Petroleum Geologists, Bull., 
Vacedt2h Bppri43=—494 


, 1959. Lower Cretaceous of southern Alberta and 
adjoining areas: Am. Assoc. Petroleum Geologists, 
Buti , 0 1D43(3), pp. So90n640,. 


COoldring,/ KR; “and Byuiddes, 2) Loge. sSsublittoral sheet 
sandstones: Jour. Sediment Petrol., V. 43, 
PPLSATSb=7402 


Gopinath, T.R., 1978.) Depositivonal environments of the 
Muddy Sandstone (Lower Cretaceous) Wind River 
BasinpowyvominGs tii. iGeolensy ., Lote pp. 27-47. 


Harvey, J.G., 1965. Large sandwaves in the Irish Sea: 
Marine Geol. : 


Hayes, M.O., 1967. Hurricanes as geological agents, South 
Texas coast: Am. Assoc. Petroleum Geologists, 
Ba lixyenvyicncSitG, & pp. weer 9G. 


, 1975. Morphology of sand accumulations in 
Johnson, eStuariese lihiCroeninvwites. (edi)., Bstuacine 
research, V. 2, Geology and Engineering: New York, 
Academic Press, pp. G22. 


os Io Kolhod. snotebuss yeas wseoledae 
‘dipvos ) S9%n 385 ga0u=fhasl 2500 mk rista7 
midto ris :gorka ot ‘mewotot ana 

cOSFoRGE. py (EPO Cr a . ties \ade 


sa rcyyoae Os 1 et ay ere T [sqteai 6 tel ever i) seta 
~3554 DSO.) tod ide ane Ed 


mwibee. base weolodezem si iek (shi t=ddy ete Aare 
W.2 VPIoais sw Smite ‘soe of nolisisi ae eae - 
Lom rbec LOL ; Fs (oxs) pees OF. .Jeiat Ayo i 

Dh ae. 7 i ett pes oV nore a. 


M1 
ie ‘ 


erots SEAND a ar ‘ Swyohbet »OT EL Ms bs pada + 4 
de orem Ledner oe eee fesensnos: — Ea 
7 <aS av . b artves : oi aiden tege Ds, 

: ' wee 

isdmeM prIakly ert ~22ef, ¢ Le ‘ 
pjeigofom® sualostedy 608 ntaediEk 
is ni »Pa-EO,, cea 


: j 
Prange 3 soieeib Ledald’ ) JATRS s Obl awe 
° t= os m le — 7 =) 
: yostie? oOlnetos? 2e entesy ws. eshte lel 
| Veh Les .aq E08 2¥ .genioen 


Mm OxTLES Le a * o VooOtgaIe4 “eee et, c.8 rete 
4 a2 miOs0. Mielomiet , Ogee Jredt sNIOIS 
| | cheb on Sao V tee 


wifgos 64 puosont as) Tawa. i eee 4 “a 
VOLOS) yb lO, . Cosel”. MA 1eeeee prtmiot be ) 
| ,O¥5-002 qq EVER .v ve tape 


ised de®. EVEL a8 sepbisd San AK er isatee oy 
bw gen - jxonihee . zie  seowozabrias 
, ke cick 


; - 


a 
ri ) atoequioxivas Tedtetsizogatl ET ¢l ‘A, Ty itenigoceml 
TOVIA DW. (Suos0hI eto Baws) « 2nd bee gbbuM 

VO-TS ~9Q (282 .Y: (ideale asm spr buory yas eed as 


a 


» 


= nS 
s2 dmixt oft bi Be0hiOned, oexted @aeL .-D.0 .yaviedt, 
‘> 95) Sr i15M ne 
= ‘ . ; ‘ ’ 
23nens faorretcep 26 asneoiinul. fart ..0.M:,e29V68 
.etelipoflos? syslowed »ooeek, eA. o< Sisco exe 
<9CR-lER .gg i heyte »Vv ywilvd 


fy ap ah oe feig@mugon htee 6 cate eak: aG 4,21 ‘ : 
MLISUSSA 4 ihe) sy Ail ntaexw a saalveusen 

AIO’ welt - sp atveow ign or LeologA 45 as¥” .fowvsedat 

Cine ag (SeONT pimsbean 


~ : =.) 7 _ 
? 4 
j 1 if : : 
a a fp 
me , 
Gi <? - 7 ; a : 


Hitchon, B., 1964. The effect of differences in interpre- 
tation on the lithological evaluation of electric 
logs “Albenta “Soc. \Petroleum Geologists, Bull., 
VOL sees) RO leo ae OO 


Hobday, D.K., and Reading, H.G., 1972. Fair weather versus 
storm processes in shallow marine sandbar sequences 
in the Late PreCambrian of Finmark, North Norway: 
JOUrs sseqiment Petrol, V.. (42), pp eo3lsre24. 


De ereangTonkand As Spllo 73 2 Plans gressivetbarrier 
and shallow-shelf interpretation of the Lower . 
Paleozoic Peninsula Formation, South Africa: Geol. 
Soc. JAmenice Iba, peo nss 9: pp ease 74m, 


Houbolt, J.J.H., 1968. Recent sediments in the southern 
Bioht fag rthe .NoctitisSeas.riGeol \.en Mijgne, VIbe7, 
poye2454273:. 


HOWELO suns Loy 2 peace LOSS] S aS Criteria’ £or recog 
nizing shorelines’ tin ‘stratigraphic «records: In 
Rigby. Ke ivancd siamo «Wm. “Ks -Ceds)),, .Recogni tion 
of ancient sedimentary environments: Soc. Econ. 
Pateont. Minerval Spec. Publ. °No. 16, pp. 2)5-225. 


HOvt, «Mie, Ano eHeniny, Jimiienle, BIOS) eSigniticance cof 
inlet sedimentation in the recognition of 
ancient Barrier islands: Geol. Assoc. Wyoming, 
19th Field Conference Guidebook, pp. 190-194. 


Hunt, W.C., 1954. The Joseph Lake-Armena-Camrose producing 
tren@dy Alberta: in Chara. Ms (ed .) Western 
Canada Sedimentary BaSin, pp. 452-463. 


Ingnamn, (R.L., L954. Terminology tien the fthickness: of 
stratification and parting units in sedimentary 


ROCKS LeGeo ls SOG Amen tea Asa. . as 16 Sp comments 7-938. 


Iwuagwu, C.J., 1979. Diagenesis of the Basal Belly River 
Sandstone: UnpubltMrsc., thesis University «of 
Alberta; Gl] DS <ppi. 


Jardine, D.,; 1954. The dJoarcam-Viking Ot] Field: O21 in 
Canada’, Aug 0G, Eo S4Ag op ate S308 


Johnson, H.D., 1977. Shallow marine sand bar sequences: 
an example from the late PreCambrian of North 
Norway: / Sediment; V.or24, pp .°245=270. 


Johnsons Ms Ae, cand, Belderson, (R.nw, 196%... The tidal erigin 
of some vertical sedimentary changes in epicon- 
Gineirmieeasn . PaliGeobi- WV AND]; (pp ..cs53r3 D7 


Sal 


Rie ¢ 


. ore bE 
is Bs ek. 


. is ch 
m2: esotregh] 2 Dh i: par ‘et? 5 
a to rokssuteve: feat po Longe iraas, 


oa 


ca pee 


{s {lug Barat pow ane nieiotoag 02 % stk wt 
co Cate bey 70 = <a 
evayey serlisaw “L287 | wih OL 2,8 eyrshaait Bile. 
sHaypee: isdhated sere wold TE 
BwLoH aswel \sai sear Sonesta peer Seats deed mh 
dS Leh ry SHY Leeson Seon 96, 
TTWEG-Svs CSSiSeisiT evel yee Preset forte ae 
awOd ia to i; serxect ch 3 tete e~wol ts Sepa ey 
rh’ Lau 2. ois i aa we | Bluantiast hi Gai 5 a ] 
pov i-COTL aq yee «Ve Live eoeome sens ei. 
1G oe 27 out bse tiicteak 7 wiarye alt 
i i rim me ,ioge sag. mt tOn ea ‘20° ope 7 
' rae es eRe a6 ; 
ot ‘ - 
|  $ kos, os ae SOL 3 ik 
ir Donass Perr “al: Sank Favoie ents Je 
ts, TAHA) wih i idree bas Ye yds A 
se a vito ex signe bee, Me cottins 3 
4 iv bays pee Tateciny va sOSLET > 
- tims? . .P0GE 4 ieee Vernet eis et ‘ 
arises : eel im uottasnentbee dekard aoe 
we O2eh . foes olsk spitaeh anes meray)» 
oe Séculelaios enisrethey oe g9er o> ae 
if 1 Szouns)-arenpsA-otad dgseet. ont pear. rece <n 7“ 
:  .{. Se) SiG aleeig ak eRILOdLA |. : 
CQoStp .gq.~fies® wietnrenibee abana. : 
a, ie ! pe 
22000082 oft) 9 ‘yrodonlingst eek cei ff WIBIpE 
sicker al aging eatszeg bas st08 ioc - 
? ptt 6a av tS LUE, LE «908 foso i 
ri ates : 
a va OS. lane 1 Be - abennepeéa eves” har iW PBL 
io yi ig@sowint. ,einad?. ~Se.M- 4 cgav senog ebaea’ on 
* Yq ets .etsed in 
| idle _ i, aan 
[10., sbfart L120 Qreetey-maprecs oft. RECL.. ofl Pnipeet 
-OfSE8 see teel of, Veok .ehened 


:esoneypse xed. Gren ahiian. wal Lada) 


iba 


Mel. ave 


id30U 39 Seiydmeoet sjel ais mor elunexs to 
OVERALL ,dSiV seen ae i lands, 
ae Le | aad ssf}! 


(Sk mepesda. Yiesconbon iso adn? oeve to 
bEwrat ee ‘4 j« feed 40 tesa 5 ian 


\ 


’ in 7 
p<8 - b 


208; ‘etiam ‘donxdbths Suis cee aoa 


‘ > 7 » 


, Ande SEride, A Hie, 1969... Geological. significance 
Of North Sea sand transport. rvates: Nature, London, 
Va 224), Dp. LOLG—10I7. 


Poncs, Help jy tvOlea.~e ine Viking Formation in southwestern 
Saskatchewan: Dept. Min. Resources, Saskatchewan 
Rept..,NOw-65,. 79 -pps 


7.19616.» Viking, deposition in, southwestern 
Saskatchewan with a note on the source of the 
sediments: Alberta Soc. Petroleum Geologists, Bull., 
Veto Lay pp ee eo la 2 Ae, 


,, 1962. —Viking deposttion-_(eéiscussion): Alberta 


POC. sLetroleumnccoLlogishs, Bali, Vi. LOC4)y p. 212, 


POnNeCS vw Nwo smahotm, also wand, otrde,, Atle, 1965. ~'Pne 
movement of sandwaves on Warts Bank, Isle of Man: 
Mave GeO Ay Vie Oi) gp DOs eo lee oo 1. 


Kautiman, H.G.,,.19/3a.. Stratigraphic evidence for Cretaceous 
SUStechewGniarcece (OSG ie. SAOSEL ss VOlin Og 3 ANN. 
MEG i,.GeEOL. SOGC,-America, p. 687% 


,- 1975...Dispersal and biostratigraphic potential 
"of Cretaceots benthonic bivelvia.in the, western 
Interior: in Caldwell, W.G.E. (ed.), The Cretaceous 
system in the western Interior of North America: 
Geol. Assoc, Can. Spec... paper.No..13, pp. 163-194. 


, 1977. Geological and biological overview: 
Western Interior Cretaceous Basin: Mtn. Geol. 
Vaud (3 and 4): Pia faa. 


Klein, G.D., 1970a. Tidal origin of a PreCambrian quartzite 
~ the Lower fine grained quartzite (Middle 
Dalradian) in Islay, Scotland: Jour. Sediment 
PetroLs:, VV: 207 po eso - 93.5. 


, 1970b. Depositional and dispersal dynamics of 
intertidal sand bars: Jour. Sediment Petrol., 
AY ames 5.07 eran OY Oye ae ONS Be A eee ; 

» Lo7/. » Tidal circulation model for deposition 
of clastic sediment on epeiric and mioclinal. shelf 
seas? » Sediment, G6ol.,2.V 18; pp. l-L2. 


gece lo/?, Claseic @icatshacies, Continuing bduc. 
PUD A COMpD.:, Lddsnoge aos pp. 


ss pee ond Byer, TA, 1978. Tidal, circulation patterns 


in PreCambrian, Paleozoic,’ and Cretaceous epeiric and 
mioclinal shelf seas: Geol. Soc. America Bull., 
Va0e2, pp. L050-L05c.. 


32 


g 
4 

A 
of -“ 
=i 
: ) TLE 
=f ~~ 

j 
OS 
‘ + 
ifoe 


als A neha) Radel s it. A ysbiate ‘pean: [=e | 


at #otdastyet pets i a =. sLaer ’ tet » 291 
J . _« % 


ans ) SO¢tizo(ab pebaLy S00 ye 


2008 I piel sone “veie1 tL 406 lL Bees stl 


y { t ~ FF r 
2 VOIR t iF uo ré “ ae ee | ~ ‘ Tes 
mn Dia’ tH2FL14808 no oH £1s9 0 U40 826297 
— ‘ues td P ¥ o< i b “ ~ 
: on +g S| ’ . “ ‘s . [de J€tce iPhes, r Bad 


‘ae 1G% J:oqgerst? babe, 6eartsaon 
REL aEes, eqq- WOS5), ve 


| << 
——l, & : 
ion 


rt 


Li Soe og ewe t erase 


gy 2 cr ion ane 7 Py 


ah 
7 7 “ 


Fst ro sf Pleodws& on r1?R>= dia eT 

: ett ao esaor 6s Aa tw acoicandeat 
+911 2 stnsdiA \petdeerbes 
bRS=-L[E5) -aq Beret ad +e 


el falnoless a fows roe 
, von ae Mi ai oee ae 

iy BWwoONnBe tO: Jo omevent,” 

bE 4 fuse antxeh 
ea . : os > - of ue Ta 7 
NOOLVS DLS TS ape I SO0CL  .~OsS. paea ee, 

V ‘cA: +2.1.27308) SagRshG Sis etaue — Soe 
: s . - 
, 4 = roe - ne a floack- +s pie : 


fs 3.23 4 ; 3 SAL ~e ret ‘ 
i ne iOngand Geoebseta35 
CBs Ost .ftowsteo° ai riolzsinal 


he IND. NASISKOY OUP AR MOS eye \ 
(mt we Ay GH GO Lepeek=. [oao 
LLeae Ae wakes fokvaantt negiseow 
it yy Ree . otG : th iat 3 EVAE Vv 


ne Ay ee ie. _—a roe , 7 
ML esa G = Tz eee i % L562. 60 rei ‘ -Gike ahs, 7 


SILEIZEUP DSAESIp ma tow? 1. eit 


“Re on " eC e 4 ‘ Ne * * 4 Merits 


4 ‘ ° Ps — “nition 
7c) ‘I eemborrLit ~« emo +, lass 


a _ 7 m f ‘ i? oad. i i 
si ey Le his Mir) oar | Pera Tors '? : te | fiz 


‘2: teiic? VEL, -AsD. Cee Brig. ; : 


Loin moc’... Least) renee Rieda fant See ai iibas | 
hep ieGeck .og>, 28 .¥ vi.? 
‘ ie as: cay, ; 


Renvyon, NtH., 1970: |) ©Sand ribbons of European tidal seas: 
Mattne GeOtwe Vs GCL) pe Dp. 2o—39 : ; 


elo the origin of some transverse sand 
pPotcches AnNeereCacitie fea: “Geol. Mag., Vi''t07 (4), 
Pos 09S s0ou 


pereolO ec hlce, Abe tor, 9 The tide=-swept. Contin— 
ental shelf sediments between the Shetland Isles and 
France: Sediment., Vie ban (Bed) peop e 1 59=173. 


pana Belderson, R.n., 1973. “Bedtorms of the 
Mediterranean undercurrent observed With side-scan 
Soldat 7 oedtmenc., VOler Ve okel;, DD. J7=79. 


ROL iaowsy 20.76. i-Gilby Viking B®: ~A storm-deposit: 
in Lerand, M.M. (ed.), The sedimentology of selected 
clastic”™6il and"gaS reservoirs in Albérta: Can.’ Soc. 
Petroleum Geologists, pp. 62-77. 


Rrumbein, (WiB. and Sloss,~L.i., 1963. “Stratigraphy and 
sedimentation: W.H. Freeman Co., San Francisco, 
S60), pp. 


Revie, oP Dt, 14eas) The mecaccap ieee tudy and field cClassi= 
Licacion Of Sedimentary rocks: “Jour. “Geol. >, °V.°56; 
Pie LUFT Co. 


KuULon ewer ROUSCH “wc ., thatreCut, alec... Neudeck,. RH | 
Chambers, fost. sree unger b.d., LOTSA" (Oregon 
continental shelf sedimentation: Interrelationships 


between facies distribution and sedimentary processes: 


WOUL we GEOL pe Ve eo dis Oe plea ro 10% 


Kumar,“Nv; and Sanders, “d.Bi}; 1976. Characterrstics of 


ep ae 


shoreface storm deposits: Modern and Ancient examples: 


Jour. “Sediment Peurd.., Vs 146, Dp. 145-162, 


Larson; Dban.,(2960" ted?) = Gas Erelds of Alberta: -Alberta 
Soc. Petroleum Geologists, 407 pp. 


Lerand, M., 1979. Modern clastic depositional environments 
and processes, South Carolina Coast: An overview and 
travelog, Edm. Geol. Soc. seminar. 


Lownan, S vw.) T9429.” Sedimentary facies in. Gulft”’Coast: Am, 
Rssoce. Petroleum’ Geologists Bulls; V.°33, pp. 2939- 
LO 9 ]= 


Love, Mi, 1955." "tThe Joffre o1t field, geology and develop- 
Ment. O1lein Canadear Wauw (38), pp. 12884-12690. 


ee 2 


bias sazevensa4 O2 to miplan ou? 
‘Sha? t +5) ) S93 of7iso’ ont me 
bi sir ~Uver ean sbi ha fs) hale ' 
3 otlt noewted etaomings Dieta Tegaen 
f Ty wk ame yy F f ¥ ,. JOSS | bead Le) wy aie cys 
x toi eVEL'. 0H. 5 tOntabsee 
“ yee oe nbovaxtortbel 
(SJR are yay See Praag, 
¢ “AY pehstey vel! i Atel eat 
; Jrnomirbe: ent 0.2 
4 CaQL sdf aeole brig © yi z 
; eS2 ticks ee | ” i. A = ets dataset’ 
we a Lar; wan Sor /obet , 2G. 
} {7 telus vs sthanhhes md ‘Wekses 
-ROE-DEL 
plop) 4 « ss , 3 ei mn 15% 4 oe tae ioe ated , 
o C3 .eutins t bas MY ,emsdmsd> “oe 
fet me Pet snes fone. Lestenitnoa 9g 
ymtt a tars udiwretB eatant ws 
‘Sy. + OR LSORE Sag SER “Vy. Load ai 
an 3 
JSREISISETSEND* “; OTEl 7G aha As 4.4 <s 
ISLOMK& bie yriehat 4et%teogemp mrata” SUS Te Poot 
Lweibet ag hee ae loztst sre bop! Sy 
judi tA ‘ssoxedi a Io Bh iots easy’) .<. bs) Fiabe se Bask peer 
id) TOP, apat pol sed mysiertad 65GB). ie ‘r 
bl ; : 7 at aa 
jineunosivas Lerolateogas sbdent> fryetotl LUCE vot, (Bitaas : 
ar SiVasve TA’ 138809 \Batlors> davo® -,2aseso0tg Sas a ee 
s~etttsé /9n8* fost mie dite tao on — 
} y Ae ely rhe 
mA tdkeod Ti ne gelon? Yrietaanibee “eher eh 2° P nis 
Cet wae Ve V ivtieR  atelpolosy ewaloiset.coeak 
‘ ROL | 7 
: = « 
= is Lee ons ¥ Wp Tuy, b> + Bist Pr j ce sTTtGou ort .tieT | a . 
GVSGE“SROSL “tee CHEDT ov Geta ele 529° sate 
Diz = 
a ; 7 
x ‘ wh : & i 
eee ? a 7 
—— ‘- P 
\ ie ; a2 BAe D 
tot a ae an Sn 


Meexenzi.e, D.b. Joo. ridalwsend flat. deposits, in. Lower 
Cretaceous Dakota Group near Denver, Colorado: fin 
Ginsburg, R.N. (ed.), Tidal deposits, a casebook 
of recent examples and fossil counterparts, 
Springer Vertag, po. .b17-125; 


Magditch, ©! Se, 1755.) Tne! Viking Pormation in Saskatchewan: 
Unpub. M.Sc. Thesis, University of Saskatchewan, 
Saskatoon. 


Masters, C.D., 1967. Use of sedimentary structures in detem- 
ination. of depositional environments, Mesaverde Former 
ation “Walliams fork Mountains, Colorado: “Am. 

Assoc. Pétroleum Geologists, Bull., V. 5(10), 
Pe 2 oom Od jy, 


Mey, he,ell Of, GeGlocy OL the Peace River, Viking, Joli. Fou 
and Notikewin Formations, Kaybob area, N. Alberta, 
Unpub. Mosc. slnesis, University or, Carcgary. 


MecCace, Pij., and Jones,(CiuM.; 19/7. Pormation. of _reactiva-— 
tion surfaces within superimposed deltas and bed- 
LOGO wemilOlilss OCG IMC eer ECtrOlL. 7; )Ve. e+), PDs 207-715 % 


MoCave,, L.Nep to? 0. DEDOSTELOn- OL fine-grained suspended 
sediment from tidal currents: Jour. Geophys. Res., 
Via hoy DP ae a5 ore 


, L971. Sandwaves in the North Sea off the coast 
WOO GE Holland =" Marine ceol., Vie 03), po. 199-225", 

) eeio. Tidal cusrents eat the North Hinder 
lightship, southern North Sea: Flow directions and 
turbulence in relation to maintenance of sand 
Dank S+ suaiMiat teil eOw on Vie ualis (OD. WOOL La, 


McPherson, Wm. de, 1955. (Thomvcand completions at. Hamilton 
Lake field: Alberta Soc. Petroleum Geologists, 
Budiaguvarolo) ; POs oartooy, 40 


Morton, R.A., 1978. Large scale rhomboid bedforms and sedi- 
mentary structures associated with hurricane wash- 
over: Sediment., Wie eee) OD. eos eh 


Nauss, A.W., 1945. Cretaceous stratigraphy of Vermillion 
area, Alberta, Canada: Am. Assoc. Petroleum 
GeolOgte er. Hull, Vane esDOan LOO oe L642. 


, 1947. Cretaceous microfossils of the Vermillion 
Area Al oerras Jourssoreraccont., Vol. 2Li4), 
DD, Io29-343.. 


= f ‘d ; 
9% ut 30 Yeotoas 


JLBoOGOn BAi7 
, + al roast) r¢ wae 
=F LOO! 
b atest ine aa 
ess ‘ 7 he 4h er te 
4 
2 
[fj ' 
Ys 
} © ~ Te 
7 | 
roti 
eS 4 
‘te ; 
PX P 
; —e « 
{ 
; f 
i 
re 
¥ * 4 
‘ ) ae Oa F 
f i Fi 
od uh + 
1 . OT KS 
‘ i ; 
rat eriiee .) 
2 if it sm © 


"Yiu tikw Bastar 
*" i \ 4 


y Wal ~ he re : oe Oe " in A 
y' uO o hi tA 
— 
wd if > 
ae 
) o - 
4 > BO? 3 
U ai \@ 1. 3 


TAA i shit 
ye ~(. 6B) 


i i i * GG 4 a = ixav Sorkin s _ 


~ 

+ 3 aa - on 

OSS Gs OF 
t] 


i Gs Bsavawhbnes’ 2 Lyell + \ 
Tesh enistaM ‘bon tion . 


Lio Aioneties sei 
i mpiteior tL Suonslixc B 4 


a « &§ CEO STS S.BM. 


Atel. nv Be 
HOxe, |B toded ROSS 
WH pede 


oo Lemaeuts pete: 


ee, 
. a 
: 


BG 


a hig se 
ra & 4 a? 


Lie »2e8L -. aes 
OE egy 


“nu: .preant 


’ ~ ,foctexesa 


4,9 aah 


A » oat mao) al 
ce, tLaoWsSb 26 fai nae 7 
oi enalt sin Holts: 
Bi en tuetortes’ nash 


ESOE<SE0S ag 

f | 7 
ant ae a 
ale gh Sim ) i 
De MM, 2 van on a 
| (a 
4a i . q/ i? AL | 
mot? | 
emzo ~ 


if 


es 


=, aL tt 


A.D .~20not iis | 
of Othe 4" Rade As ins. 
SUIKLESS  TAUSE, 
ret 


6% i 4 reutk 38 | 


veAed 


$ty0. £455) (mor? soant how 
go fh-forts Ga icv eV 


“‘Senrt | , erer 


nAged in 
a ant 205 wl ill contac 


208 Bred fA ae pe 
ees (Eye of tt y 
he ne 
Slee speed), large AR sos toOm 
IOSAB Sec vJopise: YIs atnant ‘- 
Vv wiemi bos iteva' 


WK /asuat 


were snaten), Batahe 
aban 12 ated ifA ,soia 
Of V4. LfGt .tetonices 
7 rr 
ih: €osves StS THOT r be 
io. yOot-cni xed ih, . 453568 
ee 4 2 ~ ey ". 
4 - J 


Maro; Hs; and Emery," hK.0., 196175 ~Sediments of shallow 
portions of East China sea and South China sea: 
CeOl. “SOe.= 7 metrca, buLl.e, Vs 725); pps. 7381-762. 


Hip, o.0.;, 1976." "Marine transoression as a factor’ in 
the Formation of sandwave complexes: Geol. en 
Mins, Ve DO, De. 16740, 


Potdaoriy Gtr. , toe.)  VInInG PoOrmation,, COlLorado’ Group; 
Lower Cretaceous: In Lexicon of Geologic names 
in the western Canadian sedimentary basin and Arctic 
Ree we perago. Vi ntvet La oOC. = eotLOreun GeQlogists, Calgary, 
Dep. SoCs30L. 


Neorch Bork. and Caldwell, W-G.E., 1975. “Foraminifoeral 
faunas in the Cretaceous system of Saskatchewan: 
In Caldwell, W.G.E. (ed.), The Cretaceous system in 
the Western Interior of North America, Geol. Assoc. 
CA wire been papers. NOL 3, Doe o0G-3 42), 


Cerecel, Pyar and Howard, J sD., LOZ. "Water *criculation 
and sedimentation at estuary entrances on the 
Gecrqua Coast, pp. 41 P42; "in (Swift, D.J.P., 
Duane, (Deb 2, (and PPikey On.) (eds .) , SHeLt 
sediment transport; Stroudsburg, Dowden, Hutchinson, 
and Ross, ~056 #pp': 


, 1975. Ebb-tidal deltas of Georgia Estuaries: 
In Cronin, i.e. cedent, “otiirine research, Vol. iT, 
Geology and Engineering: New York, Academic Press, 
1S) Sioa ay 56) han ab Si 


Off, “T.' 1963." “Rythmic Limear "sandbodies caused by’ tidal 
currents: Am. Assoc. Petroleum Geologists, Bull., 
VAs Op. odo ae 


Olivers TOA 1UG0% * The Vikang—Cadcotte’ relationsnip: 
Alberta Soc. "Petroleum Geologists, Bulil., V.. 8(9), 
Ds 22 (3205.6 


PHilegery Heb. , neo. Some general features of coastal 
fagoone +: rm Castanawes,..A.A6, ond Pateger, Ff .B. 
(eds.), Coastal lagoons, a symposium, 
Mexico: Universidad Nacional-Autonoma, pp. 5-26. 


Pilkey, O20 Icumoull, 0 .v.h.,.90no Bush, DoM.j. LOTS . 
Equilibrium shelf sedimentation, Rio de La Plata 
shele,! Puerto Rico: "vour. Sediment. Petrol. 

View to G2). DD. Doorauc. 


Porrenga, D.H., 1967. ‘Glauconite and chamosite as depth 
indicators in the marine environments: Mar. Geology, 
VAS 1 herapete Wajyh 3) a ae ee tana 18 Ml 


‘ | 
i 
+” 
‘ ‘ 


ee s 
fitqs! 
Oe) 

7 


a yl «VY se dd iapnt., 


iSAgBC lo iSosve ebhagitexy Sie ar eean a 


enw Prndebso 33 ; (Jtoqzosst sthambpse 


nD clvaoed to eatied Jabiteca cabo sak . = 
CF ae | es wias & i tse) jeah och Ni i 


ro thado ioe Den 4) obs 7 pHIsty sir”. Cee g ll 
v ‘+ Lig 73 =fo< of One, oad Lorse% ® 506 eect? 


2 - { 
: 3 a) 
2 i> [Go 2S oa io tes ons Ft Sloe -CAet . a ey 4 H 3 netted 


». w+ [ ae h ag \« ofr ek <add: ey 765 mt BqcOabsL- 


Sl eM... here.’ , ALG Lindi vehsD “ea 
wjet. ,3eenibe8 ceo -ropts etireu® ,iisne ; 7 
vi 


‘s“ tegasioonives oniusm ety ai excding Littl 


| Aptis * 
1s et aenirBod. feet ' er + it a 
i'd? djvell bes. Ape ARLAD Sens 


oy #4 ] : EG fotee s. te a0b25 5 Sea ats rt i ve: 
far) a (Bionon, By ew bow 10° hobtemsot ang « : 
0-8] oma FS Vv Y cy 

i M5 tian 
missin? warAa©ry peer AD 


aopixed at | saposseser, os 
wo * =f iibes eibensl, Aiagaey 


al 


meloxt al pote BS2tSseLe ees 
| a Se +60 


wEad 


+ Pimeyi TCL ce va .Liswbl ED bas ae a 


sot D off 5 (69) 30a GT hee tee 
£ | C io Yoreeetn? AysseeN a 
ny , ED .O” ) aeGed Soe ate -? a 


‘Seve CSTOP° (otk weeewou 8 


i es “Noetaes fra sote6 34 notsetien ios i 


2) ot. -C&bel ih (ae .2eeos Bre 
: vo ~¥o iS Dae «the re vensua 


vag Geo 220m bee na 


wy 


trol wot: 5 aibteenitens hire 
1 ew be sare -¥ or aa 


vanyrs earh sit N53 HON: ti “inti ae 


¥ 
aipatLoa nie tonted -DOEE4. » mo, rag - ; 
SEFE WE, a ae 


| | «SES=T RS 7. 


MTLECgMyYe 5 ,#A00p BL teaeeon 7 eS 2b), J 7 
WY .SmonsaAr fsnolset bebLex ov tert tootuam. 4 + ae 


iF 


sh. O10  mOotdrtaemibes 2iprts muisdtl ios 
“Ooh ORE iy (8s 20 . 
eiteousito tue s3inooeadd ~-/teel eu, q Spiro © 


- LOG-2Rt ae 4€u. DOV ) ate 


A 7 cy 


Pocter, D.B., 1967." Sandbodies and sedimentary environments: 
A review: Am. Assoc. Petroleum Geologists, Bull., 
Yah 51 (3) 4 spp le33 7/4365" 


Price, L.L., 1962. Lower Cretaceous rocks of southeastern 
paskatehewan: Geol, "Soerrean.,\-paper’62-69,'55 pp. 


ReacsoneryeM.Ay, “andeiunt, (AVD.7ol19s4a.” \Smiley OCilcField, 


buskatehewane" Cans°Min.cand’ MetalifiBubl ey -v°47.(509), 


ion 6i2 Gls. 


Reineck, H.E., 1963. Sedimentgefuge in Bereich der sudliche 
Nordsee: Senckengergische Natorf. Gesell. Abh., 
No; 5057" ppr4i-138 . 


, 1967. Layered sediments of tidal flats, beaches 
aAnGMene le boEtones” It latit,> GG. (edt es tudrmies: 
Ams “Assoc & AGwane NS cased Publeties, pp... ROL=206.. 


, £975. “German North Sea Tidal’ flats: In 
Ginsburg, ‘R.NJ" (eds); Tidal Deposits, a’ casebook of 
recent examples and fossil counterparts: 

Sprineger Verlag ;ONewo York, ppt °5<12. 


, and Singh, I.B., 1975. Genesis of laminated sand 
and graded rhythmites in storm-sand layers of shelf 
muda: Sediment., WA SIS, Scie ta EOAS abe sie 


Velo75s SDepositionalssedimentary environments with 
reference to Terrigenous clastics: Berlin, Springer 
Verlag; 439 “pp. 


Reinert, .S Jb.) and! Davies) Dek, Lo 7 6 Third Creek field, 
Colorado: A study of sandstone environments and 
avagensie "Mtn "Geologists, V. 13 (2), pp. 47-60. 


Reinson, G.E., 1979. ‘Barrier island systems: Geo. Sci. 
Cana. FV M602), \ppisoe—-Gex 


Robinson, ALHUWl,°1966. “Residual clrrents in relation to 
shoreline evolution of the East Anglian Coast: 
Marine Geol., V. 4, pp. 57-94. 


ROU@LEO+ +KiS.} "Buss, “Bea, and=Pitkey, SOUR. S-is7i. 4~Sus- 
pended sediment increase due to hurricane Gerda 
in continental shelf waters off Cape Lookout, 
North Garolinass Jour.  Sedimenty Petroi., Vol. 
EAGT SAO Spee 35 LENE Rah Rd a ye 


Roep, T.Hv8S) Bests, DVIY, DrGtikerty cl. , and) Pagnier, Hs.) 
1979. A prograding coastal sequence of wave built 
structures of Messinian age, Sorbas, Almeria, Spain: 
BGG iNSAEL+ Geol. , ov. +227 *ppy, 13S=163°. 


og 


“<c¢ 


rox ives Visthenishee, hag See , on 
a ea ty ss aoe Looloes : blo1fo9 . my 


164 fi UIRITOR 4 CO th sea 10 20hiJoytte 
Cedi “CEL. ag Les ¥ 4 Rant, Sea ose 
) at ae 
v Sa, - ' in hy \ 
Ph 
A al “ ‘. 1 } 
a at P) Py ss - ; iv _ a 


® . : a 
réeomsvoOR 2a B5o3 iesostax9 rao > S080. gat So 
i “Lo FOGSG 4. fe pee » LARD aswont : 7 


ry 
aa 


] 


> 
2 


1k? Heuw? Neb? Ove oe ee .poived Bae ae ; ae 


ol SSLST- va  ‘ gh pet $ hs eer imuibtasn -oael LH &, ,foealtat: 
Sead “asileak Seem Sis to aoiaibvs.satlexoda a hy hae 


\ 
Iz EY EL, .B.G Your ta OMG \ Aol. B28 ye Bed (ontet 


lO Vefea® SbF. TK yore ‘bis js ae 
[48 - , iiss Fargo) ta. -,. Meo A TbMS Be 


| | So an 


iam boy cape, ae! « OE 
‘ 43 BY ‘ad Isp a rie Lae 7 
* a fos oe 


<7 this uembbee baxexes ees? 
a ‘ oho f . } 2: esa mt - emo aTtog itede. ig y 
pas lad »h8 -. odo Pe eA: evOeeh ime 


; 2 tie) ; oe ‘ Ou sarees f “Byes bare 
peticogsd IebLl iy \aely ee eet ey 
JxsUtS I 00a theews biG eee: antes 
' 90 .SSot Wat... oats sept; 


i. ,aYeL 5. Bf adpete Bae » hea e 
rigte: i sadtegtieda bebe ip bas | 
orn Td hata : : 


ronloee Esnobetaoge@ Laver -,. 
IDS IHHLD. Se fe A Sis1S 
| . + G4--Bth .ps 


suka snodebane 30 wouse > sQRe20 
b .49 <(S7EL CY etalpotoso ‘aM ae 


+OPx2 emeyaya boatat. toi ree * tLony-* 
Sie id a } Se Sarr tRia, “Y Me v0 oe’ 


f +i 7 
, : 


a 
ebS-Ke -Ga-n.2 «V .elosd satizsm 


ee 


_ 


ISD ersoitistn of euh Seee Tout thom ibes cat oe sf 
, teodoowt, aca 336 aszesen- ties fsi@anisao> 7 
lov ,.lore4 .tnegibed .s90t. /;entlores idaom . 

/ US Lf+08 Fi -4q uth) te / 


7 ete 
S2ifnpet Due, Hh etustranGg, yp vtce espaol”, 8. H.T seem: 
avrw > 7 anni a Se sissv=eaoro on 2 bss pe yg i eC? s ~~ Pp 


tA 
BO 
sar | 


Roessinghy Hi Ksjol950e.  Vakingrdeposition-in the-southern 
Alberta Plains: Alberta Soc. Petroleum Geologists, 
View paver CONT. pps! VeO=L3 7". 


Rudkin, R.Aswrl964,.- oLowert:Cretacasous, Chapter, IL:.;.In 
MeGrossan,mRiGx, and Glaister;oR.P..«(edse),, 
Geological History of Western Canada: Alberta 
Sec.) Petroleum Geologists, Calgary, pp. 156-168. 


Schneidegger, K.F. and Kulm, L.D.,Runge, E.J., Sediment sources 
and dispersal patterns of Oregon continental shelf 
Sanose. ,vOur.msediment, Petrol.,; V. 41(4), 
POe gh eee Ole 


Scott, R.W., 1970. Stratigraphy and sedimentary environments 
of Lower Cretaceous rocks, southern Western Interior: 
Am-Assoc. Petroleum Geologists Bull., V. 54., 

DD. eizdor iets. 


Seeling, A., 1979... The Shannon sandstone, a further look at 
the environment of deposition at Heldt Draw field, 
wyoming: Mtn. Geologist; V. 15(4) , pp. 133-144. 


selley, RoGe -i2976-0) Ampantroduction to; sedimentology: 
Academic Press, 408 pp. 


Shelton, J.W., 1973. Models of sand and sandstone deposits: 
a methodology for determining sand genesis and 
trend: Viking Sandstone, Cretaceous, Joffre Field, 
Aiberta: »+ Okiahoma-Geols, Surv.: Budl., V. 118, 

Dee) 9isoA4., 


Shephard, F.Big51948<; .Submarine: Geology;.., New, York: 
Harper and Brothers, 348 pp. 


Simpson, F.,12975. °MaxineshLithoftacies;and.Biofacies.of the 
Colerados Group. (Middle Albaan to, Santonian):,..,in 
Saskatchewan: In Caldwell, W.G.E. (ed.), The 
Cretaceous system in the Western Interior of North 
America: Geols Assoc. Can. Spec., paper No..13, 
DP .nepse 587 4 ' 

Singh, I.B., 1969. Pramary sedimentary structures in 

PreCambrian Quartzites of Telemark, Southern 
Norway, and their environmental significance: 
Norein Geolsr Tideskig volcan. 40).- ppanirsl. 


SLI ppOT wows, oles. Vilonceeae tae) dd, “Structure: of 
Aveasnd Geolrt Surv. Simmee Rept .}). 19475 Pare Grey. n9C. 


Southard; J.B., and Harms, J.C., 1972. Sequence of bedform 
and stratification in silts, based on flume experi- 
ments (abst.): Am. Assoc. Petroleum Geologists, 
Buds s CeO, PD. e465 5:. 


eit op Satie a rinks baiciel alan , 
enh wy S ene Eee 901267 . 968. 59 FOL eens 
ElrOES tie SR Peaks Ho 


ra 


PiX' cigs Ave ooredaad eNO ve 
mo y} rh ie A €.. pet safc -) Gris coh ‘y' 


+ A coh LA Ast bD.J itx< O24 iay 70 YIOVSAT., ie 


ANGLES et BPO LOMD Mente i pee iy 


~— 
s = iT UT ke Arie Gee fess oa. Le <i - an) . 
nad ROC, So. ett Re polite oo.) 
«a4 et «Steet OBE On AeA 
ae OSLE-REEE og 


omnwalivean wraduepibes Sie Vigeaw rhe sats ant 
niwved wns ow Mistiavot eeapexz EUOSP RS SI? 2 BWO ie 
 £ eV os a tees eieipe LPO c9ad) BUSI ORISS 7 i 1% san Ace ! 
! /ADSESUSSE ae 


[77 +S ,_ Stoteins & ove Neti ont. . 
Wo) fle ts soit tengat. io Aapemnce 
og , Late! cy : 4eipo me as 

i amet pee ot ro sitet aA ayer’: 
oy aa 30h ues ms 


bio? Bas Bose. 26 arebeal iene: Mat Py 

Hfronsh ives. piLetoriesoe wea ; 

ix evlioel ,etvesstetl~ Shosehose, Pains : 
O55 , Live vei + fees ‘Srolakie : 

; . . 5 


SA sO ‘Wont : vpetesd Pest he abet 7 -) 
ws 19, Ebb, erelhtoue Fass Bq 


io aeiasitok# fae esiontoritia enisgh ut f 
it , (tlateaetasee Ga Lae ros SiRiM) - i ened 36 J: 
5iT Cs Be) ree. foupied el ctopasdiio Ti i 
AAO! 20. wekaaghI chasasll " ti fedaye PHD AES ED ni as 
£408. mogatr<. 298) ted .o2ne% +. Loop » tRDltenA oa 
| | | i gh Or Ee cag “i 


eee 
ni BawovwsE wy emi bee Yraels » PBel . 83 
thedived: |tistielel 8 eottsdaauQ: Gai winsdext 


rental’ kipbe seiaennerivng sieAy iy em 
-di-t oa \ 28 SOV, gettesOh? .fogp shee 
nn 


26 ‘bee 3. byS22 asp prLeey .BLeL eh eo 
O8 1g 4D dred: CEPE Saat. onee shake «fosd* erent 


WT:caibsid Jo sonsuneg .2e eg, ww. G 
wa 2-5 Beant Smvi 2 7 bared {67fie8 il wt 
ate ben [oad moefdsg a9 .. 0008 

(.. | | EA DEM 


wy 


: : oe | 
“a hi 


Spearing, D.R., 1976. Upper Cretaceous Shannon Sandstone: 
An offshore shallow marine sandbody: Wyoming Ecol. 
Assoc. 28th Ann. Guidebk., pp. 65-72. 


Pea ite, OROWKhOC Zam wd te onda Gwitt+.D.,.1904: wAnatomy of 
a shoreface-connected sand ridge on the New Jersey 
shelf: Implications for the genesis of the shelf 
Surticial sand Sieet: | Geol. Vs 2; No. 3, pp. 117- 
LZ. 


Stansbersy,.G.i., '95/.4+The Viking: Formation; Central 
Alberta: UWnpubl. M.Sc. Thesis, University of 
Alberta, 124 pp. 


Stapp, R.W., 1967. Relationship of Lower Cretaceous depo- 
Sitional environments to oil accumulation, 
Northeast Powder River Basin, Wyoming: Am. Assoc. 
Petroleum Ceologists, Bull.;,eV <2591 (10) >. ,pP~ 


SEelck, GPs, wlooa, | SerAtRLOLraphvespogttion of Viking 
sand: Alberta Soc. Petroleum Geologists, Bull., 
Ve CLUE Ppa peed 


, 1975. The Upper Albian Miliammina manitobensis 
' 2eOnesin northeastern British Columbia: In. Caldwell, 
W.G.E. (ed.), The Cretaceous system in the Western 
Interior of North America: Geol. Assoc. Can. Spec. 
Paper NO wel 37 Pw 25 3=245). 


Stride, A.H., 1963. Current swept sea floors near the 
southern Halon Goest Bri tamn:,. Quaxt..iJour. 
MeO SOC” 7 uN as ha, Oe MOL 199". 


=e, BOGS. Preservation of some marine current 
/ bedding: Natwise honda, 1Vien-O0 pp. 2496-49,9., 


, 1970. Shape and size trends for sandwaves 
in a depositional zone of the North Sea: Geol. 
Mag oy eVant OO, DebabeO cei, 


, A.H., and Chesterman,-W.D., 1973. Sedimentation 
by non-tidal currents around. northern. Denmark: 
Marine Geol., V. 15., pp. M53-M58. 


Stubblefield soWel.,» Lavedssiey maw. pmowitc, Dead Pi wand 
McKinney. Te. »~L975. ySediment response to the 
present hydraulic regime on the Central New Jersey 
Shel’ ss eOur. moSGlmen taBee tO.) «pet, CODE esas 


>» and Swift, D.J.P., 1976, Ridge development as 
revealed by sub-bottom profile on the Central New 
Jersey shelfi:, Marine Geol, V..20, pp» 3157334. 


Lenosabise sondsde) eoOenederd weqgl Sater ies a 
ood  Recmecyy W TV Mitt: ea tucm woi fede oxode326 f 


_— 


aS Sood oo ear xdeniod ie waRh" arenes a 


= 


vrodonmt [bel ...a .oeiwe base se ‘eeubed: foe Bae, a te 
ie ai 4 tt wo 2e0sa boas hetssiago-eos lotetie! ts an 
ove od¢ te aeheonspY ond wot eaoiteni iqge- es saneme, ee 
mye of 4s iood doors buge seein rs. 

+ ORE 7 

| | aa 

ext190 \moltser6? pekaiv sits eet eo 
povaly 2iLeon s'tyct eS idugay Hp 
= vie ag OSD> BS 


51939 shwad te Beato RE RE: OED as 

WIDO1 : ) OF B29 O OMELET Ite lantrd . 

34 tL , -poiin iieasl ae ba Rosie Saccaltiou” 
* U y eh igao ce peloso eta 


i “hy . . at Pike e ae sw e pomad A 


ee Sith teselA asqay mtr aT Pit: ‘ 

ai. +e] UiGY tibet 4c8 wiestessets oe eee side | 

tf ate ¥@ 20 00D6 r> ip +iW * 4 De} 200.0 

ic40 Rpts ani cary pahage lly “sokvevat 

"S-£28 jag ff om. toded\o oan 

) 7 = os? oe : I 

tt ano e7Oools epee Faowe oy sHO...f0e0L . uA .St 

s erest, itsuD thes ix teed eo teed i?tredt vas 
| UROL“ E Ss ‘4 Ett 9 +e, 308. 


rw 
a 


. at ame to nobisvisess4 280d ~ 
Pb-60)- qq BOS Ve pemerod Sra: Benes 


» een 


if 
72 
* 


ey * 
_ 
1 f= i es 


vi Urea’ CEC oI ete 7 £3 iz “ite: age rie * O 
2a). 7638 Mito ent ta ertos;) farioidais 
| y a, aa OC Rs 
Fy h wig : - 
Fake] 1E508° evel. seth ye Choweniade Bn Ma Pe WA eee By any 
(reamist, Wasttice herder aingizco Dstit-non ae, 7 
CHAE -ag ..@8 <¥ \. fos smtiem x 


DE 6-15. tthwe. , Wee pak Downs) kM 1 clea Tea lett. 2 : 

iid OY Seaggeed’ dHamibes eVOL (0%. Ppyyannisaon 7 
219U, WSN J SIIiSS, GAP, 1G amlpert $i Lierebyert: SagHegy 

PeVEE. ag. EMV. tet et..steulhed spot . 328 es eS 


angoleved apis vovel ¢» Se oie VO 2iwe ‘bite 4 a — 
eae 


yo Levate) sit Be al my most todrdga vel hakeson? 
of sept ‘tat + tictayesvel’ 


cBEL-21E: sag. Veh) <¥ gctas 


ene Den oD ipeeloatmney 7) Maden Ailes CUNAN 6 i) oP oop £97 ds 
Relict sediments on continental shelves: A recon- 
SLOoerat von.  JOUl. Geol.., V. 79) pp. 322-346. 


el eee uO liday,; B.yeAvignone, N., and Shideler ; 
G.,.1972a. Anatomy of a shoreface ridge system, 
Balse,Cape,,.Virginaas Marine Geol., V. 12, pp. 59-84 


ph OLOeO, ‘Ontwe, coulLsouUry, EsP. p and Sears, P., 
1972b. Holocene evolution of the shelf surface, 
Central and Southern Atlantic shelf of North America: 
Tee Cwidases Daw'sl <p DUIRUe yA. .,weLaKey, OH. <eds,), 
Shelf sediment transport: Process and pattern, 

Dp. 4994574. Dowden Hutchinson and Ross, Inc .), 
Stroudsbuxg. 


FLDuaNes aOabayeand Mckinney, T.F.,.19073.. Ridge 
and swale topography of the Middle Atlantic Bight: 
Scalar response to Holocene hydraulic regime: 
MarinesGeol.) Ve. 15, pp. 227-247. 


Matias BeOULINen tai shelt ecdimentatione. in 
Burkes © .A.,.and Drake, Curb. (eds. ),.lhe.Geology of 
COnLiInentadiemarciis, oapringer Verlag, pp. Liv-124. 


, 1975. iBarrier Island genesis: Evidence from 
the Central Atlantic shelf, eastern U.S.A.: 
Sediment C@Ola pV La, 300s dao. 


, 1975. Tidal sand.ridges and shoal retreat 
MassLvis: CMarine (Geoiw., Ve Loy pp. LOS-134, 


Wis NCLSON . Toy eichOne. Je ,siOliiday, .B., Balmer, 
H., Shideler, G., 1977. Holocene evolution of 
the inner shelf of southern Virginia: Jour. 


Sediment. Pekrol., V..4/(4), pp. 1454-1474. 


1 Seerss ao eae DOIG wo, ane muni, Raij L978 « 
EVvVOLULLON. OF a Shoal retmeat massif, North carolina 
shelf: Inferences from areal geology: Jour. 
Sediment. petrol ., Vie 27, sopes Lo-42) 


wiharker, GC. ,clbanisedl, NAW, Penile, G., 
Figge, K., 1978. Shoreface-~connected sand ridges 
on American and European shelves: A comparison: 
Roriatlite. onc. Coes ram nie Sei oN oy DO ei aor dif 


Thomas, M.B.,. 1977. .Depth-=Porosity relationships in the 
Viking. and Cardium Formations of Central Alberta: 
Unpub. Meoc. thesus, naversity of Calgary, “147 pp. 


Terwindt, J.H.d,,,49/1.  Sandwaves in the southern bight of 
the North Sea: iMarane Geol., V. LO, pp. 51-68. 


oe 


SREHSSO Lae (Oe UW \ lest? l2nct et Pars be 


ee. loan fravz aw imirmara tat e Tar ; 
st J > > ta ify > fate 4 , | wh ee ah ae fz i wy ot — 
5 ¥ 7 rye ‘ahs ~ Li 7 =! 


GAG <2 Lalere Bae. -eevitadn A Inxs DAG NSsolISemA TG 


MS ae | be Pe NS: LD alere ss oe 4 wine 7 7. ts 
4 ia intreiiodeo ‘nh eiaegihas gat 


j- 


+ (OAD LTVA .s ae fYebiitan vee 
4oDix eunlsoda Ss 20 Wied ery pSter 


SneLsh rryorts: sn Ysa nes 
viewd 4.0.0) soe 
ie) <s Ju enerd “reantther tlefe 
ons ooeiNodua osbwotl “(NTE<COR vee 
Sip Ces wowte 
/. 

\ Yorum nAg Bs ie etl. ysis ao 
rs y Wri Ss Youd i ea Psho 1B Sas” 
OY SBNOGRSs* 2S 


“ ; ; e 1, el 
7 4 aM «y DOS). Gy 


‘Leda Létirnlanoos VayveL, 
i TR a3: Ban” 7.4.0 Yonrea 
J Wives ,enctiovew J sineniInoy 


Ne 
. . eppivn bs 52 LeorT ciel. 
ah 4 oe 
iG@l .V oy. tooo, Saree! seltigenn 


ein Y cvadsyvou to MSS venus |nds 
L-8oh aq ,{9)Th JV ..fowsd .josmshsc 
/  , , 9 
fort bis (8! ~ottiee 29.4 (aakee ‘ 
i210H ,32eesa Jssureak fede « 2 co fotiui eo. ——T 


~v . ® b< LU 
i 4h ¥ eet OLIoy 1, Jem lcoec 


a >I CAT th 3 ,-o" >) 204769 5 ; 
i ‘a re Og ge pe ee ce 
Dis2 JSS Seigod BIDS LOA # A Sed spit ns 
! 


a. Vo gi ioe anrut ingesoD buts saiqeausne 


= 


hier ytlaorotiyqad -TYOL ..8.M -aeniont 
(fAINSD 20 vind temIoy mthesy, fns' paLrary 


spied Ya vel rj 2laGae .o8 Pao ' 
- 4 : 

; ut a f : . 

4voe @At at evewmbnse 1 {T@Lc Gene. .ibeiwiet 


- 
a0 ,O£°.9 , cided sataeh utes Hee See 


PiaZerOper sas, (9/429 Viking deposition, an the Suffield 
area; Nbberta | Unwub. Moc, thesis, University of 
Alberta, i126 pp. 


Pye ooOwlerre We, Jiet noo oe slepostt ional. history 
of the Viking Formation, Suffield area, Alberta 
Canada: “Cam oOCcs Petroleum) Geologists, Bull. 
Neel.) emo gh ry, Wet yan. 


Van den Berg, J.H., 1977. Morphodynamic development and 
preservation of physical sedimentary structures in 
two prograding recent ridge and runnel beaches 
Bone Aner Oiten Coasts. Geol, rn. Mijn., Ve 56(3:), 
Din feo] 202, 


White, W.A., and Galloway, W.E., 1977. Guide to modern 
Barrier environments of Mustang and North Padre 
Islands and Jackson (Eocene) Barrier-Lagoon facies 
Or SOE Texas (Uranium GLStricte: “Bur. Keon. Geolk., 
Univ. Texas, Austin. Res. Note 7, 5] ‘pp. 


Wickenden, R.T.D., 1949. Some Cretaceous sections along 
Athabasca River from the mouth of Calling River 
to below Grand Rapids, Alberta: Geol.-. Surv. Can. 


Paper, (49-15% Pps oye. 


eee Lams, Geb.) cand oCeteks CC Rey, toro. “Speculations on 
the Cretaceous Paleogeography of North America: 
In Caldwell, W.G.E. (ed.), The Cretaceous system in 
the Western Interior of North America: Geol. Assoc... 
Cane os pece paper GNOw Vlog! in... 


Walker, R.G., 1979. Turbidites and associated coarse 
clastic deposits: In Walker, R.G. (ed.), Facies 
models: Geo Seca. “Can. Repr. Ser. £7 poe, 91-104. 


Weber, K.J., 1971. Sedimentological aspects of oil fields 


in the Niger Delta: Geol. en Mijnb., V. 50, pp. 359-576. 


Werner, £.) and. Newtom,: Rica, Uo 7.) Ine pattern of- Large- 
scale bed forms in the large land belt (Baltic Sea): 
Marine Geol., Wa Noy pp.) 40-5. 

Wheeler, 2.0 .j,05Rtken, wep ebery, oi0.., Gabplelse,, H.; 
HUuSCchISon, W.W., Jacoby, W.R., Monger, JU.W.H., 
Niblebhe wR.) NOERI Sahn, eb Lee, “RvAL, and 
Stacey, Rian, LOj2. “Ee Cordai leran structural 
Province, am Price, R.4.,. and Douglas, J.W. (eds); 
Variations in tectonic Styles: in Canada: Geol. Assoc. 
Can, spec. raper Now ip ips. 2-382. 


White peRewep ioc) (eds). Ot fields of Alberta: AlSerta 
Soc. Petroleum Geologists, pp. 22-23. 


\. Slokware adv nk rola taoqab wan” 
to Voiratsving ahaedt “23.8 Ogay 


rr“. 
« 
( 
} ™4 
ae 


beogad eV Gl wa itind 
y Oleltiae nos f sare oe 
, Alug Vesetpolestd mmpiog $37 nike} 


ee tee oy 
yac aig a Pil nM 
nag loveb otywadvictesoMt. tke a vial. ti 


r Pe, j 1 r mt? feycey to uO; UE 

aon a6eu Leche bas Sphizg Jasvor parse be) 

} oD arin na ‘food 42600 ws ae 3 
aera S08 


nmrobom of sbi ¥ 2 shag VYewo!l tac Pia, 
ae bt mtrtOn Die Orszeen 24 nJcsmioxivas: tere 2158 
hiket: fay to ao fear haaiaiee nbstoal iets bd 


feed nob oxue T9ITIBLP aagteas0 aéxST, 2 
(2 ,\ e304 leah .a@heaprk” Liasiai ny 
ne OLS f ‘wOSDEISTD Seams eser > 
teeny + : at a a ee" rc. Vi Leo : | 5 ade: Bas hate t pa > ie 
Ls raué los) sstiedlé ( @ihteat baese wot 


DAE ae VE ISOP Sasnee 4 


crpam CFCC. AL Rp tese Bae oo. 

‘Opal Pixos lO YeauetpoeDes ist Sian se1) 

. a a7o7 Sat, tehat | pe ale ,TLawbfeS iTt 

sORBA , lose) <AOEtemA chee. oo 1 gedat misaeaiw edt 

ae Ge: dat 2 er tdgeg +dege 18D 

mireos. pes opaess Aes saaiiiae we Of et. . De . a 

ba fae he} ays: , testa ni * te tigate ‘312 ore 

POL“ Gq... sas Jet aaa ye en: ieee : 

ebfait [xo 36 ¢tovges fan ipalosanmibas sete: ae aa 
eee). .99 «0t av we Oee im as. 4998 269 L250 ‘Rt wig jet 


-apisel 39 tredtad at? ere fia Ay! ‘nose Sits es 
:{nae ott Leg). tiad tas! suet: ats oh ened Sader 
ROSES Lag +, 8L)):2 ‘<elasa orm 


, Hse lel ried i) NiISd 4.7 a Perey at 
(-8.0.0 .yepe.”, A.W ivdeosh We Soe Lt im 
pri ~ » Anh os Nae i aD e Be eit ZO "4. } vee tek 

{reaciouris tats l £ibxug opr .sVeL4' ey 

1f.269) WG \Ratpyed pis xa? ieee BE iy fant 
soatA > Lose ( :4DReR) as nature Sitoioat ae 
es f' ad, tt a ae 2s oo ste 


étaedlA renee. Ve yaar Lie: 


‘ 


% / ue A j 
- Oe) = 7 aa 
th a nl. eae ae 
aad a yf 7” 7 
a oe he, Wes 4:* ae = - is — 


Jou 


APPENDICES 


hen, 


Lt 


i 
CAS 1A 
uh 
= 
NG 
i 
Py 
' 
wt 
—@ 
@ 
“ 
— 
*. 


ee. Comal 


i 


~ “Wigan «Ff al. Chinook 10-34430- 


eh ey 
Edoa Gedvaet ChiAnear, |. (1041 9-50~6 
\ 


Trace? Secalsa. 


. - 
¥ 7 : ti 
: i - fe } fee pemme 
Jie Dy) ee oa : 


hot : va 5 / 7 | ‘ e aT x ; 
e Solestro Gmore:.  triyKt0- 
= oer Te 


ay pee en a 
Siehbane et as. Mocsen LG O="2\ 
Petrodyne Mobile Mudeon Lh =1.6% 20-3h 


Husky 1.0.0. KBs Oven to Ral! ine 9 


Nakagore 


<4 anne 
gn hoy te re 
Sieiaa D) 
Views i 
f. re 

ea 


Well No. 


Cross-Section A-A' (Figure 10) 


Name 


West Coast Sulpetro Smore 


Uniges jet al. Chinook 

Eden Sedgas Chinook 

Trecon Sedalia 

Siebens et al. Hudson 
Petrodyne Mobile Hudson 
HUSKY: toh. hake OVEN 
W.R.M. Matadore Gulf Antlop 


Husky Phillips Greene 


Reeuiate 
Elev. 
Well Location CE) 


7-10=30-)1W4M 
10-34-30-8W4M 
LO=19-30-—oW4M 
11-14-30-5W4M 
bO=L/-30=2W4M 
TY-16-30=2W4M 
7-17-30-1W4M 
T2573 O= 1 WAM 


10-32-30-28W4M 


09) 


z 
H 
" “1 r-¢ ’ 
Fights. a ie oh Ls M 
yeh cS 7 ah bsoyemehionhs 
“ ) Cir [i tes 
ve | 
’ f » f 
‘ Re Mee © ' 
. b 
7 ~ \- f 1 i 
fi 
' 
$ \ r 
wa . '* 
N . 
j | ; 
. w* ] 


ae ‘ 
4 
: 
Fy 
' ina 
SP : , PT 
i t . 
ae . 
! ya 
rte tle ie cA 9 ‘ 


fox a t't} ‘ard nett oas—ato> | 


r Ss ed ke ee 0 
~ - 
iC Sa eee 
4, oe ide [ey Fore 
Jarre Sie a 
iy _ \ 
_ c= 
ee = 


i 2 4 


s Meh 


sion orfogiue 22600 seen 


iOarr zs Bepbst #obe 


i ; ~ Me 
slisbs! naosi? 


moabui 


srodei3 


e(ideM’ Savbouted 


i, 


ry, 
ov 


ageexd Bae 


- 


= 4 if 
ae 
\ \ La 
\ 
yo ’ 7 = 
ae = 
» 4 i 
, ’ 
i 
- ’ 
is = : 
: , +f 
' 7 
nad re 
: we 7" ; - oe 
‘J , ’ 1 U ; 
é oe iJ 


i ’ 7 7 is | | 
- os ; ¥ i _ ‘ aa a, 7 7 


ue 


a ) ie 
AOoIHD .in Ge espiay 


oF 


334 


APPENDIX Ib 


Well No. 


Cross-Section B-B' 


Name 


i se M Caneel C.P-O.G. Redland 


C.P.02.Ge? Hussar 


Delta et al. 


Pore etait. 


Connors 


Winterh 


MOP VOltbrOor.war HUELCON 


Banff et al. 


Matziwin 


Ree 


(Figure 11) 


Foi 

Elev. 
Well Location Ca td) 
11-16-27-22W4M 
10-12-26-20W4M 
10-17-25-14W4M 
6-14-24-15Ww4M 
3-19-24-15wW4M 


11-4-23-14W4M 


<4 


; cic? See 
‘ 7 5 o - ~ — Aten aS 
(Ik stuprt} 'G-& Goidoeeqsaara 
| i “ he 


A *4 ; i */ a 
a 


oe | : erst! 


1 j 


ip 

te 
len 
? 


OLaL SE malian .9.0,7,>. 3equs> BM ars 


ws 


LKhSSUH 210.950 | 


m—~ 
’ 
a 


Cros Soni “le Sa) sited 


é) mxstniw..is Ae eS 
id ® 
fo7suB 9.225 fro. fiach a 


‘be it tivissiaM Jie +s. 2208¢) 


, 
at: 
U 
} 
“i 
; 
' 
tl 
‘ 
ay) 
Py? 
ie 
he 
q 
af 
sas 
e 
md 


336 


APPENDIX Ic 


i «* 
if 
| 
if 
' 
i 
i j 
ai 
a) 
‘. 
ar 
ls 
‘7 
-< »\ " 
f 
6 
a 
if 
- 
sali 
: 7 
: “a —_ 
F] di : 
ag : 
me aL : 


MEQUSICOA 


Well No. 


Cross-seccion.C-C° (Figure 12) 
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Well No. Well Location ERS Si 
76 12-34-30-27W3M = 
77 6-12-31-27W3M — 
78 10-1-31-29W3M ~~ 
79 11-10-31-1W4M 2331 
80 6-32-31-3W4M 2351 
81 7-8-31-4W4M 2458 
82 11-21-31-6W4M 2553 
83 11-28-31-7W4M 2609 
84 6-4-31-9W4M 2509 
85 10-33-31-9W4M 2513 
86 4-25-31-10W4M 2505 
87 6-3-31-11W4M 2601 
88 11-12-31-13W4M 2675 
89 11-34-32-7W4M 2484 
90 6~-31-32-6W4M 2493 
91 10-34~-32-3W4M 2231 
92 7-25-32-1W4M 2334 
93 7-24-32-29W3M 2357 
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95 10-17-32-25W3M . 2299 
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APPENDIX. TIL 


Interpretation of Lithofacies Sequence B 


Legend: 


i 


Facies BI 

Facies BII 
Facies BIII - 
Facies BIV - 
Facies BV ~ 


B-log Curves 
Ss lect = 
Soe ay Lite 


in Viking Cores 


Bioturbated mudstone facies 
Heterolithic facies 
Cross-stratified sandstone facies 
Bioturbated sandstone facies 
Chert pebble conglomerate facies 


Spontaneous potential 
Resistivity 
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APPENDIX Iifa 


Basal Sandstone 
By, (Hamilton Lake reservoir) member 
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Cores "Se 7gGgod recovery 


Depih wee ey Description 


2860-2864 (facies BIIT) 
Sandstone: medium to coarse grained, 
moderate sorting; low-angle planar cross-stratifica- 
tion with shale laminae on foreset bedding; intervals 
of moderate £o: strong bracurbation+s biack chert 
pebbles (4 mm - 5 mm) dispersed throughout interval. 


2864-2868 (facies BIT). 
Sandstone: fine to medium grained; ripple cross- 
stratification; moderate to strongly bioturbated; 
shale and mudstone interbeds. 


2868-2883 (facies BI) 
Mudstone: dark grey, regular fine sandstone laminae and 
lenses; moderate to strong bioturbation; bentonites, 
Srey 2 tine to Mediunecoraumed, 2 to 3." thick eat 2n 72° 
and 2883. 
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Depth (ft.) Description 


2883-2890 
Sandy mudstone: dark grey, some cross~laminated and 
horizontal laminated siltstone and fine sandstone 
laminae and lenses; scour surfaces; almost com- 
pletely homogenized by very strong bioturbation. 


2890=2897 
Claystone: dark grey, common siltstone to fine sandstone 
laminae and lenses; weak bioturbation; bentonite, 
Pig One ke oer at) OOS. 


ie97=—2899 (facies BIV) 
manastone (Byjs stine grained; shale streaks common, 
UnLe strovoiy bioturbated. 


2899-2907 (facies BIT) 

Sandstone: dark grey, fine grained, moderate sorting; 
abundant bioturbated shale and mudstone laminae; 
glauconite; moderate to strong bioturbation, some 
burrows; bentonite E, light to dark grey, medium to 
coarse Grained Dbigti ite, graced) 15" to 18" thick at 


VAAN Bho 
290 7— 2912 (facies BI) 
Mudstone: dark grey, inclined and horizontal laminated 


siltstone and very fine sandstone laminae and lenses; 
moderate to strong bioturbation. 
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Core: 3"; ‘good recovery 


Depth, Cit.) Description 
2925=294]1 
Mudstone: dark grey, bentonite; few siltstone and 
Sandstone laminae; moderate bioturbation; bentonite, 
iohte orey, fine. grammed ,jthin at 2928). 


2941-2952 
Sandy Mudstone: dirty, dark grey, very fine to fine 
grained sand; strongly biotuwbated; bentonite, 
dark orey, {ine qraimed, thin at. 2945" 


2952-2962 
Claystone: dark, massive; occasional! siltstone and 
sandstone laminae and lenses; weak bioturbation; 
bentonite, Jight grey fine grained, %" thick.at 
PA Soe Nh Stele 


2962-2965 (facies BIV) 
Shaly Sandstone (B1): dark grey, fine grained; few 
sandstone lenses; unit nearly homogenized by bio- 
turbation. 
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Depry ttt.) Description 


2965-2970 (facies BIIT) 
Sandstone: light grey, dark grey, greenish in places; 
fine to medium grained, friable; fairly well sorted; 
medium angle, planar cross-lamination, shale and 


glauconite drapes on foreset laminae, scour contacts; 


weak bioturbation. 


2970-2975 Ciraetes) Bi ot Bib) 
Mudstone: dark grey, Sandy upwards, few siltstone and 
sandstone lenses, moderate to strong bioturbation. 


2975-2977 
Shale: dark, fissile. 
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Denth (fe. ) Bescription 


29L5-2926 
Claystone: dark, masSive; occaSional siltstone and 
sandstone lenses; sandier and more bioturbated 
near top and base. 


2928-2930 (facies BIV) 
Shaly sandstone (Bi); dark grey, tew.,tine.grained 
sharply based sandstone lenses; nearly homogenized 
DY DPOcCUeDe c10n. 


Phe isd 8 CAS Noha (facies BIIT) 

Sandstone: light grey, greenish in places, fine to 
medium grained, friable; low angle, planar cross- 
and horizontal laminations, glauconite and shale 
laminae on foreset laminae; weak bioturbation. 


2935-2940 Geecies DI itt} 
Mudstone: dark grey; sandy upwards; occasional silt- 
stone and sandstone lenses; strongly bioturbated. 


2940-2960 
Shale: dark and fissile. 
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Deeper Et.) Description 
Zo0oa2 ott (facies BI) 
Mudstone: dark grey, regular sandstone laminae and 
lenses; weak bioturbation; bentonite, light grey, 


fine grammed, Whim ae Zoli, 


2901 i= 2916 


Sandstone: dark grey, 


fine grained; 


(facies BIV) 
shale interbeds; 


highly bioturbated, vertical burrows. 


2916-2921 
Sandstone: 
fair sorting, 
lamination; 
laminae, 
burrows; 
grey, fine grained, 


2921-2934 
Mudstone: dark grey, 
laminae and lenses, 


2934-2938 
Shale: 


shale laminae; 
sharp lower contact; bentonite, 
hey ete ee Aas 


dark and fissil 


grey to greenish, 
low to medium angle, 
shale and glauconite on foreset 

vertical and inclined 


6" 


(facies BEL ) 
fire to medium grained; 
planar cross- 


jFamegeys 


(facies BL) 


some siltstone and sandstone 


broturbated horizons. 
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Depth: (ft. ) Description 
2936-2947 (facies BIV) 
Sandstone (B)): -dark grey, fine grained; shaly; 


moderate to strong bioturbation. 


2941-2946 (facies BIIT) 

Sandstone: light grey, fine to medium grained, friable, 
clean and,well sorted; low angle, planar cross- 
stratification, shale on foreset laminae; several 
bioturbated horizons. 


2946-2950 (facies ube + BEL) 
Mudstone: dark grey, sandy upwards, shalier downwards; 
bioturbated. 


2950-2952 
Shale: lack and fissile. 
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Core: 3"> fair recovery 
Deven (iG .} Deseription 
2910-2916 (facies BIV) 


Sandstone: dark grey, fine to medium grained, shale 
interbeds; strong bioturbation. 


2916-2919 (facies BIIT) 

Sandstone: dark grey, fine to medium grained, dirty; 
low to medium angle, planar cross-Stratification; 
shale interlaminae; moderate bioturbation, some 
vertical burrows; indurated calcareous band. 


2915-2934 (facies BI) 
Mudstone: dark grey, very sandy between 2924'-2934'; 
moderate to strong bioturbation; bentonite, 
Might orev, Hine ¢rainedyjw)) thick-at 2921)". 


2934-2938 
Shale: dark and fissile. 


2938-2942 (facies BIV) 
Sandstone: (B}): dark grey, Eine grained; scours; 
shaly; moderate to strong bioturbation. 
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Depth (£t.) Description 
2942-2947 (facies BIIT) 

Sandstone: light grey, fine to medium grained, friable, 
clean, well sorted; low to medium angle, planar 
cross=stratiftication, horizontal lamination, sharp 
set boundaries, scours, shale on foreset laminae; 
weak bioturbation. 

(facies BI) 


sandstone lenses, sandier 
Strong DiGrurbacrion., 


BIA P2951. 
Mudstone: dark grey, few 
near top; moderate (to 


pak ra aise 
.MOs Pind ie recite Fad aoa, =e aaiears'y rm 
f: 2 »E 


rhaise ascend! SnoveSirese el seeers 


+ i : 
™ | 
7 


per 
band orp aukbeat oF ond seep san 


re | 


we 
a 
. 


, de a"tot mio pines hal Ve re Etats 5 
Hekstechunole 


ay 


Lae gatost) ie 


pipe eee, 


nottadustoid etorsa oO apuabons 
a f 


440 


CANADIAN CHIEFTAIN PROVOST 
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Core: 3") Lair pecovery 
Depun (it. ) Dercriprron 
2E20—2635 facies BI) 


Mudstone: dark grey; siltstone and fine sandstone 
lenses and laminae, more near baSe; bentonite, 
light grey, fine grained, thin, at 2835": weak 
to moderate bioturbation. 


2835-2842 
Sandstone: dark grey, very fine to fine grained; 
muddy, shaly; homogenized by bioturbation. 


2842-2850 ) 
Shale: dark, fissile marine shale; thin pebbly 
mudstone lens at 2845'; pebbkes up to 1.25 cm 
long diameters sharp Lower contact. 


2850-2852 (facies BIV) 
Sandstone (B}): dark grey, fine to medium grained; 
shale interlaminae, strongly bioturbated horizons. 


2852-2855 (facies BIIT) 

Sandstone: light grey, fine to medium grained, friable, 
fair sorting; low angle, planar corss-stratification, 
glauconite and shale on foreset laminae; shale 
interlaminae; moderately bioturbated horizons; 
indurated calcareous band at 2852'. 
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Pept (it. } Description 
PS ba te Coa of oy’ (facies BI) 
Silty mudstone: dark grey; siltstone and sandstone 


lenses and laminae; more upwards, Shalier at base; 
weak to moderate bioturbation; bentonite, light 
Grey, fine grained, thin at: 2860". 
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Deprn (it...) Description 
2701-2713 (facies BI) 


Mudstone: dark grey; siltstone, fine to medium grained 
sandstone laminae and lenses; moderate bioturbation; 
bentonite, light grey, fine grained, thin at 2702’ 


ana 273)". 
20 a2 20 
Sandstone: light grey, fine to medium grained at base 


and very fine grained on top, Glean, well sorted: 
low angle, planar cross~-stratification; weak 
bioturbation. 


2720-2723 (facies BI) 
Mudstone: dark grey, regular siltstone and sandstone 
laminae and lenses; strong bioturbation. 


2123-2021 
Muddy sandstone: dark grey; homogenized by bioturbation. 
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Pepe (ft.) Description 
Zigheed sl 
Shale: dark, fissile; pebbly mudstone lens; bentonitic 
shale, dark ygqrey ,mcoanse biotite rich, 3" thick at 
21307 « 


2731-2732 (facies BIV) 
sandstone (B))is dark grey, fine to medium grained; 
shaly; weak bioturbation. 


2732-2736 (facies BIIT) 

Sandstone: light grey to greenish, fine to medium 
grained, friable, clean, well sorted; low angle, 
planar cross-stratif£ication,.horizontal lamination, 
sharp cross-set boundaries, scours; indurated 
calcareous band. 


2736-2741 (facies BIT) 
Sandstone: dark grey to greenish, very fine to fine 
grained; shale laminae and lenses abundant; 
moderate bioturbation; glauconite. 


2/41-2743 (facies BI) 
.Mudstone: dark green, siltstone laminae common, 
moderate bioturbation. 


2743-2746 
Shale: .-dark, fissile. 
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GULE  N7C.0. PROVOST 
12-17-36-12W4M 


BiB, 26944 


Core: 3%; good recovery 


Depth Cae: Description 


3094-3096 (facies BIIT) 
Sandstone: dark grey, fine to medium grained, moderate 
sorting; low angle, planar cross~-stratification, 
Shale laminae on foreset bedding; bioturbated 
horizons. 


2096-3100 (facies Bit) 

Sandstone: dark grey, silt to very fine grained; 
sharply based sandstone lenses; bioturbated shaly 
horizons; shalier towards base; moderate biotur- 
bation. 


3L00-3110 (facies BT) 
Mudstone: dark grey; silt and fine sand laminae and 
lenses; moderate bioturbation. 


SLO-3 214 (facies BIV) 
Sandstone: dark grey, fine to medium grained; shale 
laminae; moderate to strong bioturbation. 
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Repth (ft...) Description 
abba 3121 (facies BIIT) 
Sandstone: light grey, Line to medium grained; fair 
sorting; low angle, planar cross-stratification; 
weak: bioturbation. 


Pie 3 126 (races! Bl + Bri) 
Sandstone: dark grey, silt to very fine grained; muddy; 
Shale laminae; strongly bioturbated. 


Bi 26=35.1.33 
Claystone: dark, masSive; silt and fine sand laminae 
and lenses ,, some -dleuconitic and cross-laminated’. 


3133-3140 (facies BIIT) 

Pendstone (By) tight grey, Line to medium. grained, 
clean, well sorted; low angle, planar cross-strati- 
fication, shale and glauconite on foreset laminae; 
bioturbation, more near top and base. 


3140-3145 (facies BIT) 
Sandstone: dark grey, Silt to fine grained; shale 
interlaminae; bioturbation. 


3145-3155 (facies BI) 
Mudstone: dark grey; Shalier near base; weak biotur- 
bation; bentonite, light grey, coarse biotite 
erained pis ethickh rar olo0. 


3155-3183 
Not examined. 
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CS.s) CASTOR: 
6-11-39-14W4M 


be cao 4, 


Core: 2"; good recovery 


Depth (ft. ) Description 


2990-2995 
Shale: -dark, fissile, marine. 


2995-3010 
sandstone: dark grey? siit tomvery fine grained; 
ripple lamination; scours, shale laminae; moderate 


> bioturbaticn. 


3010-3040 
Mudstone: dark grey; siltstone and sandstone laminae 
and lenses; weak to strong bioturbation in places; 

bentonite, light grey, fine to medium grained, 
Greater stiian J anemia. sere koat 2023 7and 3040". 
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APPENDIX IIIb 


Basal Provost Sandstone Ridges 
(BP3 Member) 
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PINA PROVOST 
10-9-36-7W4M 


abe 2a 72" 
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Core: 3"; poor recovery 


epi Cit.) Bescruption 
2635-2646 


Claystone: dark, massive; sandier near top and bottom. 


2646-2652 (facies BIV) 

Sandstone: light grey, friable, fine to medium grained; 
low angle, planar cross-stratification, shale 
lamine on foreset laminae; shale laminae: moderate 
bioturbation, l2";vertacal burrow; bentonitic: oil 
stains near base. 
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APPENDIX IIIc 
Lower Sandstone Ridge Complex 


(Ly Member) 
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hab.) ChSoPORD 


1625-1. 204M 


CS ee Ae VS te 
| Core: i" fair recovery. 
| Demin Ure..) Description 
i 2636-2642 


Shale: dark, fissile; sandstone 
Lenses near base. 


2642-2644 (facies BIT) 
Sandstone (UE,>): dark grey, fine 
to medium grained; shale 
laminae; bioturbated. 


2644-2648 (facies BIIT) 
Sandstone: light grey, fine to 
medium grained; shale laminae; 
bioturbated; siderite concretions. 


2648-2653 (facies BIT) 
Sandstone: dark grey, very fine to 
fine grained; shale laminae; 
moderate to strong bioturbation. 


2653-2680 
NO COGeS Ciuc. 


2680-2686 (facies BI) 
Mudstone: dark grey, siltstone 
laminae; weak bioturbation. 


2686-2688 (facies BIV) 
sandstone (igs; dark grey, £Line to 
medium grained, scour and fill 
structures; shale laminae; 
strong bioturbation. 
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2688-2694 (facies BIITI) 
Sandstone: light grey, fine to medium grained; shale 
laminae; bentonitic. 


2694-2699 (facies BI + BIT) 
Mudstone: dark grey, bentonitic; fine sand lenses; 
shaly horizons; Strang broturbation. 
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Pepth (ft.). 


2699-2702 
Sandstone: 
shaly; 


Description 


(facies BIV) 


Gark grey, medium to coarse grained; 


strong bioturbation. 
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APPENDIX IIiId 


Lower Sandstone Ridge Complex 
(L2 Member) - 
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11-12~-24-6W4M 


Hae 25997 


‘PRA AT, 
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Cores lp Wire lie coed, recovery 


Depth (ft. ) Desecrirperon. 


oy bor Le 


Mudstone: dark grey, bentonitic, moderate bioturbation. 


€ 


211L8*2736 | 
Sandstone (io); dark gréy, fine to medium grained, 
friable; abundant shale streaks and laminae; 


strongly bioturbated. 


2736-2765 
Mudstone: dark grey, abundant siltstone and very fine 
sandstone laminae; bentonite, light grey, fine to 
Medina ined pat coer ounce nan (27377), 2749 alee? 
2758'; fairly homogenized by strong bioturbation; 


sharp (erosional) basal contact. 
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peoth (tt. ) Description 


Z/69-2776 
Shale: black, fissile; bentonite, light grey, fine to 
Meat (GbatieameOLOLLLe rien, (>. thick at 2767". 


BU OR 2178 : 
Siltstone: dark, completely reworked by bioturbation. 
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Hebe CLoOSFORs 


14-26-25-12W4M 


24 2" 
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2800 


good recovery 


wet 
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0 
i rAd) 
% 
\ 
if . 
j 
: 
‘ 
vraveces bagp. 478 -, 19200. : 
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geren ees). Description 


Z7TLOU=2734 
Shaves edark;* fissile; “bentonite; light grey, fine 
grained) T2°°thick'at' 27L5";“siltstone and *sand= 
stone laminae near base. 


2734727345 (facies BV) 

Pebbieé* Conglomerate (UT) <> black» and! whites chert 
pebbles: up’ to-l2 mm long, fairly rounded; matrix 
supported, poorly sorted medium to coarse 
grained sand; shale interlaminae; thin mudstone 
base; calcareous cement. 


2734.5-2740 (facies BIIT) 
Sandstone: light grey, fine to medium grained, fair 
sorting; low angle, planar cross-stratification, 
Shale laminae on foreset bedding; bioturbated 
hoOrizons-. 


BiA0=Z2745 (facies BIT) 
Sandstone: very fine to fine grained sandstone alter- 
nating with shale and mudstone laminae; moderate 
bioturbation. 


2745-2752 (facies BI) 
Mudstone: dark grey; siltstone and very fine grained 
sandstone laminae; strong bioturbation. 


26 aeaa2 7154 (facies BIV) 
Sandstone (UEo9): fine grained sandstone alternate 
with mudstone and shale; moderate bioturbation. 


2754-2760 (facies BIITIZ) 

Sandstone: dark grey; fine to medium grained sandstone, 
t2” to Lo" thick. al temace wren 20" to 4" thick 
shale-mudstone-siltstone laminae; medium to high 
angle, planar cross-stratification, shale laminae 
on foreset laminae; scoured contacts, reactivation 
surface, herringbone-like cross-stratification 
near top; bioturbated horizons. 


“ft 


2760-2784 
NO cOres -cuL. 
2784-2793 fpactwos. ko) 
Mudstone: dark grey, minor siltstone and very fine 


sandstone lenses; bentonite, light grey, coarse 
birotake ruc, La “ities 200.5)". 


219322800 
Pebbly Sandstone(Lo): dark grey, very fine to fine 
grained, fine chert pebbles in a poorly sorted 
coarse grained sandstone matrix at 2793'; fairly 
well homogenized by strong bioturbation. 
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Depth -(ft.') Description 
2800-2805 (facies BI) 
Mudstone: dark grey, siltstone and sandstone laminae; 


strong bioturbation; darker and shalier near base. 


Po05-23815 
Sandstone: dark grey, very fine to fine grained; 
structureless due to strong bioturbation; darker 
and shalier near base. 


2815-2822 (facies BI) 
Mudstone: dark grey, shale, silt and fine sand laminae; 
bi@turbatecds horizons. , 


ea Ra SIA) 

Pebbly Sandstone: dark grey, fine to medium grained, 
black chert pebbles dispersed in poorly sorted, 
medium grained sandstone; homogenized by very 
strong ‘bilocurbation ; 
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Cores. PY: “eoed “recovery 


Depth (7 t.) 


29 0=2 914 
Sandstone (UEo): dark grey, 
fair sorting; some shale 
weak bioturbation. 


2912915 


Description 
(facies BIIT) 


fir to medium grained, 
laminae; scour surfaces; 


(facies Bl + °Bi0) 


Mudstone: darker grey; sandier near top and base; 


strongly bioturbated. 


2918-2921 
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2921-2947 (facies BI) 

Mudstone: dark grey, siltstone and very fine grained 
sandstone lenses common, sandier near top and 
bottom; moderately bioturbated; bentonite, dark 
grey, medium to coarse grained biotite grains, 
Greater tieneG. thick ae 2936"). 


2947-2950 (facies BIV) 
Sandstone (l9): dark grey, fine to medium grained; 
two black chert pebbles; shale laminae; strong 
bioturbation. 
2950-2958 (facies BIIT) 
Sandstone: dark grey, fine to medium grained; abundant 
Shale laminae and streaks; weak bioturbation. 


2958-2969 (hacies BI + BIT) 
Sandstone: dark grey, silt to fine grained; darker 
and shalier toward base; strong bioturbation. 


2969-2981 .5 (facies BIIT) 
Sandstone: light grey, medium to coarse grained, 
pebbly on top; planar cross-stratified; scour 
surfaces; weak bioturbation; bentonitic shale, 
Pos ehieh at 25a 


2981.5-2985 (facies BIIT) 
Sandstone: light grey, coarse to very coarse grained, 
fairly well sorted; bentonite, light grey, fine 
grained; 6" thick eb 2965". 


ZI soos 26 (pactes Bl ck BIL) 


Muddy Sandstone: light grey, very fine to fine grained; 


muddy and shalier toward base; pebbly near top; 
strongly Dioturbaters oentonitic at 2996". 
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Core: | Py Good recovery 


Depth (ft.) Desgription | 


2938-2952 
Shale: dark, fissile and massive in places; sandy 
toward base. 


2952-2955 (fac res, 1) 
sandstone (iho): fine grainedyshaly; strongly bic= 
turbated, some burrows. 


2955=2964 (facies BIIT) 
Sandstone: light grey, very fine to fine grained, 
fairly well sorted; low angle, planar cross- 
lamination; shale laminae; weak bioturbation. 
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Depth. (ft. ) Description 


2964-29983 (Facies BI + BIT) 
Mudstone: dark grey, abundant siltstone laminae and 
fine grained sandstone lenses; sparingly biotur- 
bated in places; bentonite, dark grey, coarse 
biotite grains, graded, shaly, greater than 6" 
Eniek~ at 23eo 5 


2998-3025 
Sandstone: light grey, greenish in places, medium to 
cearse grained, a black chert pebble on top; 
muddy and shalier toward base; bioturbated, 
stronger ohn top and base; glauconitiic; bentonitic 
near base; siderite concretions; oil stain. 
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Core: 1"; sidewall samples; fair recovery 


Depth -(Et.) Descrrpeion 


3054-3080 j 
Shale: black, fissile, sharp basal contact. 


2080-3090 
Siltstone: dark grey; abundant shale laminae; scour 
surfaces; weak bioturbation, more at base. 


3090-3118 (facies BI) 

Mudstone: dark grey, horizontally laminated siltstone 
laminae, cross-stratified very fine sandstone lenses; 
moderate bioturbation in places; bentonite, light 
grey, medium to coarse biotite grains, greater than 
Becpreiatere rt 3.LOI"*, 
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Depth (ft.) Description 


3118-3145 (facies BIII + BIV) 
Sandstone (L2): dark grey, fine to medium grained, 
fairly well rounded chert pebbles 10-mm long. 
diameter, dispersed in sand on top; abundant 
Shale laminae and streak; nearly homogenized by 
bioturbation. 


3145-3155 (facies BIT) 
Sandstone: dark grey, very fine to fine grained; 


shale and mudstone interlaminae, bioturbated horizons 


3155-3170 * (facies BT) 
Mudstone: dark grey, siltstone laminae, fine sandstone 
lenses; bentonitic interval at 3155'-3160'; 
Siderite concretions; strongly bioturbated. 
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Core: _3"% good recovery 
Depron iL.) Description 


3225-3255 
Sandstone (ii5)%) dark orey, fine to medium grained; 
abundant shale partings and laminae; scour sur- 
faces; darker and shalier near base; homogenized 
by strong, bioturbation: 
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APPEND PXyiile 


Lower Sandstone Ridge Complex 
(lai-and 14 members) 
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PROVO (GULF) HALLIDAY 


13-11-28-14W4M 
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Core: 3"; fair recovery (slabbed) 
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Depth -( fe. Description 


3063-3063.9 (facies BV) 
Pebble Conglomerate: black chert pebbles, fairly well 
rounded; poorly sorted very coarse sand matrix, 
matrix support; shale and mudstone interlaminae. 


3063.9-3065 (facies BI + BIT) 
Mudstone: dark grey, maSSive, siltstone and fine 
sandstone laminae, some cross-laminated; 
moderate bioturbation. 
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Depth (ft.) Description 


3065-3070 (facies BIIT) 

vencacone (Ul) tikgktorey, Pine v’graimed? clean, 
well ‘sorted; “planar and” ripple cross=lamination, 
shale and carbonaceous mudstone on foreset laminae, 
sharp contacts, reactivation surfaces, granule 
NOrLZOnN ae seo, s Sicerl te concretions: bioturbated 
horizons; bentonite, light grey, fined grained, 
Fess thar. senrciivat soe. 


Si O-30 72 (facies BIT) 
Sandstone: light grey, very fine to fine grained, 
clean, cross-laminated Sandstone laminae; alternate 
requlearty and sharply with dark grey, shally and 
muddy horizons, often strongly bioturbated in places. 


3072-3080 (facies BI) 

Mudstone: dark grey, massive; siltstone and fine 
sandstone laminae and lenses, clean, well sorted, 
inclined and horizontal lamination; moderate 
bioturbation, Chondrites sp. 


3080-3088 
Missing cores. 


3088-3089 (facies BIIT) 
Ssendstone (UEG): | Laghesarown, Line grained; low angle, 
planar cross-stratification, sharp set boundaries. 


3089-3095 (facies BIT) 

Sandstone: dark grey, very fine to fine grained, well 
sorted sandstone thin beds; in regular alternation 
with bioturbated shaly,muddy and silty horizons; 
moderate to strong bioturbation, horizontal burrows. 


S095=3137 (facies BI) 

Mudstone: dark grey; siltstone and sandstone lenses, 
more at top and bottom, some pebbly at 3106' and 
3132'; chert pebble conglomerate bed, fair rounding, 
poorly sorted very coarse sand matrix, sharp ero- 
sional lower contact, shale and mudstone inter- 
Paminae, 2 hick aces bentonite, Light-grey, 
cosrse beotice sich, ic wana oO thick at 3114" and 
3130': bioturbation, weak to moderate, vertical 
burrows 3" deep at G09G ss woophycus sp. 
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Depth (ft.) Description 
Siglo Loe (facies BIV) 
Sandstone (L3): dark, medium to coarse grained, 


dirty, poor sorting; shale laminae, more at base; 
top pebbly; glauconitic; structureless due to 
very strong bioturbation. 


Boer oLoQ (facies BIT) 

Sandstone: shades of grey; medium to coarse grained, 
pebbly on top; clean well sorted thin sandstone beds 
alternate regularly and sharply with bioturbated 
shaly, muddy, and silty horizons; bioturbation, 

- moderate to strong; funmel shaped burrows, Rosselia sp. 
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CALSTAN (CHEVRON) HANDHILLS 


10-36-28-14W4M 
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Core: 3"; good recovery (partly slabbed) 


DEDEN yer.) Description 


3062-3069 (facies Bask 
' Sandstone (UE): fine grained, well sorted; shale 
and mudstone interlaminae; scour contacts; bio- 
turbation, more at top and. base; planar cross- 
and horizontal stratification siderite concretions. 


BOGIES 411) (facies BI) 

Mudstone: dark grey; abundant siltstone and very fine 
sandstone lenses, Some horizontal and cross- 
stratified; sandy towards base and top; weak to 
moderate bioturbation; bentonites, light grey, coarse 
DLotitesrLcn ~abotmaser ona 4.5 thick «at 3097" and 
3107'; black chert pebble conglomerate, fairly well 
rounded, poorly sorted very coarse sand matrix, 
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Peace (ts): Description 


shale and mudstone interlaminae, about 8", 2", 
and" thvek homenons ate 6 L0G" -.3170', 3111'. 


BEL = 3122 (facies BIV) 

Sandstone (3): shades of grey; fine to medium grained 
sandstone lenses alternate with shale laminae; 
strong bioturbation, deep burrows up to 14 cn, 
U-shaped burrow Asterosoma-sp.; glauconitic; 
black chert pebbles at 3114'. 


Bm Ld (facies BIITI) 

Sandstone: greenish grey, fine to medium grained, well 
sorted; low angie, planar cross- and) horizontal 
lamination, ripple cross-lamination, sharp contacts, 
reactivation surfaces, some draped by carbonaceous 
mudstone; shale and glauconite on foreset laminae; 
shale laminae, shale clasts; bioturbation, weak, 
some funnel-~shaped burrows; siderite concretions. 


3134-3164 (facies BIT) 
Sandstone: dark grey, very fine to fine grained sand- 
stone laminae; regularly interstratified with 
shale, mudstone and siltstone laminae; sharp 
contacts; bioturbation, moderate, vertical tubes, 
Shale more affected, decreases upwards, Zoophycus sp. 
and Arenicolites sp. 
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Cores 3"; good recovery (slabbed) 
Depth (ft.) Description 
3051-3055 (facies BIITI) 


Sandstone (UE2): light grey, fine grained, well sorted, 
clean; low angle, planar cross~-stratification; 
some shale laminae; bioturbated horizons alternate 
with non-bioturbated inrervals toward base. 


[Uses 0o0 (facies BITIT) 

Sandstone: light grey, fine grained, clean, well sorted, 
low angle, planar cross-lamination, some herring- 
bone-like, sharp set contacts; mudstone inter- 
laminae; weak bioturbation. 


3059-3061 (facies BIT) 

Sandstone: light grey, very fine grained, clean, well 
sorted, planar and simple cross-laminated sandstone 
lenses; alternate regularly with dark grey, bio- 
turbated shale, siltstone and mudstone laminae. 


3061-3104 (facies BI) 


Mudstone: dark grey, massive; horizontal and ripple cross- - 


laminated sandstone lenses abundant near base and 
top; bioturbation, weak to moderate,more toward base 
and top; bentonite, light grey, coarse biotite rich, 
Le" sane 2" “thack Ae eoed and 3094". 
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Depth (ft.) Bescr i ption 


3104-3113 (facies BIV) 

Sandstone (L3): greenish grey, fine to medium grained, 
clean, well sorted, cross~stratified and glauconitic 
sangstone thin beds; in regquilar'alternation with 
dark green, strongly bioturbated shaly, muddy and 
Silty intervals; sharp contacts, some erosional. 
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ATKINSON ET AL HANNA 


7-16-30-1L4W4M 
ie. 426272! 


Cores)" 2" 3 Goer recovery 


Depth (f£t.) Description 
3065=3066 
Claystone: dark, massive; fine to coarse grained 
sandstone lenses at base; no bioturbation. 


3068-3069 (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbles, fairly well rounded, up to 3 cm long dia- 
meter; poorly sorted coarse grained sandstone 
and mudstone matrix; shale, silt and mud inter- 
laminae; scoured basal contact. 


3069-3073 
Shates black, fissile, fine to medium grained sand- 
stone lenses; moderate bioturbation at base. 
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Pepa rt.) Description 
BOIS 309 2 
eandsrone (UN je: waark corey; thin sandstone beds, light 
grey, fine to medium grained, clean, well sorted, 
eross- and horizontal stratification, sharp set 
boundaries, alternate with bioturbated laminae of 
shale, mudstone and siltstone; shalier downward. 


3092-3101 (facies BI) 

Mudstone: dark grey; fine to medium grained sandstone 
lenses, more towards top, some cross~stratified; 
moderate bioturbation, vertical and horizontal 
burrows. é 


3101-3140 
No cores cut, or.missing. 


3140-3168 (facies Bi it Biv) 
Sandstone (L3): dark grey, fine to medium grained, 
dirty, muddy and shaly; structureless due to very 
StVOnG ol GCURDanLoOn, vert cad (burrows) up to, 3" 
deep at top; Siderite concretions. 


3168-3180 (facies Br) 
Sandstone: dark grey, very fine to fine grained; 
sShalier and darker downwards; homogenized by very 
strong bioturbatzon. 
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DOME I.O.E. WILDUNN 


6-23-30-14wam 


en, 2063" 


Core: 3"; good recovery (Slabbed) 


Dept (tee) Deseription 


3088-3103 
Shale: dark, fissile; highly radioactive; few coarse 
sandstone lenses near base. 
3103-3104 
Sandstone: medium to coarse grained, fines upward, 
fairly well sorted, horizontal laminated; some 
shaly horizons; bioturoation in places. 


3104=-3104.5 (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbles, well rounded? poorly sorted very Coarse 
sand matrix; dark fissile shale interlaminae; 
appears reversely graded; shell fragments; siderite 
concretions. 
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pepen Cit.) Description 


Si 04531077 
Shale: black, fissile; few medium grained sandstone 


laminae. 


eis Lo 

sandstone. (UE9):, light grey, tine grained, fairly well 
Serted, Clean; cross— and horizontal stratification, 
Sharp cross-set boundaries, reactivation surfaces 
draped with shale; sand laminae and beds in regular 
alternation with shale, mud and/or siltstone 
laminae; black chert pebble stringers; abundant 
bioturbated-horizons; bentonite, light grey, fine to 
medium Grauned ‘bigttte, 2" thick “at 31179". 


ody Eaee 700 (facies BIV) 
Sandstone: dark grey, fine grained; cross-stratification 
remnants, sharp contacts, some scour and fill 
structures; homogenized by very strong bioturbation. 


Se =3 P25 (facies BIIT) 
Sandstone: light grey, fine grained, clean, well 
sorted; inclined and horizontal stratification, 
Sharp set boundaries, shale on foreset laminae; 
bioturbated horizons; shale laminae. 


B42 5= 3132 (facies BIT) 
Sandstone: light grey, fine grained, well sorted sand- 
stone laminae; alternate fairly regularly with 
Shale and mudstone laminae; moderately bioturbated 
horizons: 


B32 Leu (facies BI) 

Mudstone: dark grey; siltstone and very fine sandstone 
laminae and lenses; weak to strong bioturbation, 
ZOOPHYCUS Shs, Chondtites sp., and Terebellina sp.; 
bentonites, light grey, medium to coarse biotite 
Grains. Oe seneus  Catervate esl and S169". 


3L70—3180 (facies BIV) 

Pebbily Sandstone (lis): “dark, dirty, ‘coarse. to very 
coarse grained; black chert pebbles, up to 6 mm long 
diameter scattered throughout unit; abundant shale 
streaks; homogenized by strong bioturbation. 


3180-3182 (facies BIIT) 
Sandstone: greenish grey, fine to medium grained, 
clean, well sorted; low angle, planar cross- 
lamination, glauconite drape foreset laminae; 
bioturbated horizons; calcareous cement. 
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Depth (ft) Description 
SLesso2.0 . ) (facies BI + BIT) 
Sandstone: dark grey, very fine to fine grained, 

becoming muddy towards base; dirty; shaly; clean 
thin siltstone and very fine sandstone lenses 
between 3205' and 3210'; almost completely 
reworked by very strong bioturbation; bentonitic 
at base. 
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WESTCOAST SULPETRO HANNA 
L1I-31-31-13W4M 


Were 2730" 
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Core: 3": fair recovery 


Depth (it. ) Description 
3275-3289 (facies BIV) 


eancstone Wo) dark. quey, (redo avery tine to fine 
grained, fine pebble horizons atl 3276', and 3281'; 
Shale laminae abundant, increase upward; biotur- 
bation, strong, vertical burrows, increase 
downward. 


32.39 3.2015 
Sandstone: dark grey and greenish in places; friable, 
fine to medium grained, black chert pebbles .up to 
1 cm long diameter dispersed throughout unit but 
more towards top; abundant shale streaks and 
laminae; homogenized by very strong bioturbation 
and therefore structureless; glauconite in places. 


S305=33) (facies BI) 
fudstone: dark, few sand lenses; moderate bioturbation; 
bentonite, light grey, fine grained, 2" thick 
at 330k? 


Sokel 3.315 
Sandstone: upper 6", light grey, very fine to fine 
grained, clean, well sorted; low angle, small scale, 
planar and simple cross- and horizontal stratifica- 
tion; remainder, muddy and shaly, moderately 
bioturbated. 


s5L5=39.325 
ssing cores. 
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Core: 3's ‘good recovery 


Desth (ac. ) Description 


Soho so 24 
Siltstone: dark grey; shaly, muddy and sandy in 


places; homogenized by strong bioturbation. 


3524-3548 (facies BI) 

Mudstone: dark grey; fine to medium grained sandstone 
lenses, more near base and top; moderate biotur- 
bation; bentonite, monerorey, coarse biotite rich, 
Le) CAtek ate s5305 scoured basal (contact. 


S546=3553 (facies BIITI) 

Sandstone (L3): light grey, fine to medium grained, 
clean, well sorted; horizontal and low angle, 
planar cross-stratification, sharp set contacts; 
scours; siderite concretions; bioturbation, weak, 


more at base. 


3553-3563 (facies BII + BI) 
Sandstone: light grey, fine grained, clean, well sorted 
sandstone lenses alternate regularly with shale 
and/or mudstone; bioturbated horizons abundant. 
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Depth (ft.) Description 


3563-3564 (facies BIV) 
Sandstone: dark- grey, shaly, homogenized by 
bioturbation. 


3564-3572 (facies selIitT + BIT) 
Sandstone: light grey, fine to medium grained, fair 
sorting; shalier toward base; bioturbated shaly 
horizons in regular alternation with non- 
bioturbated sandy horizons, 
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WESTCOAST PROD. STANMORE 
Lk 7-3. 2-12WAM 
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Core: 206. q@od, necovery 


Depth Cre) Description 
3176-3188 (facies BI) 


Mudstone: dark grey, fine to medium grained sandstone 
lenses; strongly bioturbated; bentonitic near top. 


oul E leant ilo 9 
Sandstone (L3): dark grey, medium to coarse grained; 


fine chert pebble horizons; abundant shale streaks 
and partings; strongly bioturbated. 


3192-3200 
Mudstone: dark grey, fine sandstone and siltstone lenses 


and laminae; strongly bioturbated. 


3200-3206 
Claystone: dark, masSive; Sandy toward base; weakly 


bioturbated. 


3208-3218 
Mudstone: dark grey; fine grained, well sorted, cross- 


stratified sandstone lens; moderate bioturbation; 
bentonitic at base. 
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Core:  3°% Good (recovery 


Vepcen «(i c.) Descut peor 
2937-2994 (facies BIT) 
sandstone ((UB4)s“darkvgrey cequence of alternating 
fine grained sandstone and shale laminae; 
moderately bioturbated horizons. 


2994-3018 (facies BI) 

Mudstone: dark grey, siltstone and very fine sandstone 
laminae and lenses, more toward base and top; 
strongly bioturbated and structureless; bentonite, 
darks orey, (coarse Diobirernich, 2° thick at .3007". 


yO ee (facies BIV) 

Pebbly Sandstone (L4p): dark grey, black chert pebbles 
up to 1 cm long dispersed in strongly bioturbated, 
medium to coarse grained sandstone with abundant 
Shaly streaks. 
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Depth (ft.) Description 


3021-3025 (facies BIIT) 

Sandstone: light grey, fine to medium grained, clean, 
well sorted; horizontal and low angle cross-strati- 
fication; weakly bioturbated, increasing toward 
base. 


3025-3031 Comeres Bio BIT) 
Mudstone: dark grey; some sandstone and siltstone lenses; 
fine chert pebbles dispersed in a silty shale lens 
at 3029'; moderately bioturbated. 


3031-3034 | * (facies BIV) 
Sandstone: dark grey, dirty, shaly, medium to coarse 
grained; strongly bioturbated, vertical burrows at 
SONS Baar 


3034-3045 
Sandstone (45) = derk orey, dirty, shaly,; friable in 
places; fine, darker and shalier at base, medium to 
coarse at top; homogenized by strong bioturbation; 
bentonite, dark grey, medium grained biotite; 
a PLaLCk atesogow. 


2045-3050 
Sandstone: dark grey, fine to medium grained; abundant 
shale streaks and partings; strongly bioturbated; 
bentonite, lignt orey, Line qrained; 2" thick at 
3050 ' 


3050=-3059 
Shale: black; fissile, more maSSive near top; weak 
bioturbation towards top; bentonite, dark grey, 
medium biotpee ionatiea area ter ~chan 6% thack at 
SOS eae 
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WESTCOAST SULPETRO SMORE 


11-30-29-10W4M 
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Core: 3"; fair recovery (partly slabbed) 


DEP (Et. ) ~ Descmiption 
2765-2799 


Shale: black, fissile, sandy at base. 


ae 


2799-2820 
Samastone (UEo): light gréynefune to medium grained, 


clean, well sorted; sandstone beds 0.75 to 1.5' 
thick: stratification, heri zontal, cross—' and 
herringbone-like, sharp (erosive) cross-set 
boundaries; carbonaceous matter and shale on foreset 
laminae; reactivation surfaces; black chert pebble 
horiwoners 22000 ye eee eee LO TID AEOr ag 5 em Long 
on top; regular interlaminae of dark grey shale, 
mudstone and siltstone; weakly and strongly bio- 
turbated horizons, mottles, vertical burrows. 
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Depth (f£t.). Description 
2820-2840 
Calcareous Sandstone: light, fine grained, cross- and 
horizontally. stratified, calcareous sandstone beds 
alternate with light grey, usually bioturbated, 
non-calcareous cross~-stratified intervals; sharp 
contacts; shale laminae, some on foreset laminae, 
darker and shalier downwards. 


2840-2870 (facies BI) 

Mudstone: dark; abundant light grey siltstone to fine 
grained, cross-stratified, sandstone laminae and 
lenses; weakly bioturbated; bentonite, light grey, 
coarse biGgtice: grains; 6” thick at 2866". 


Po 25 16 
Sandstone (L4b): dark grey, dirty, muddy and shaly; 
medium to coarse grained; fine chert pebbles 
scattered near top; homogenized by strong biotur- 
bation; cabeareous; bentonite,,.Jdight grey, fine 
Grainedy “Stier 28 Os. 


2876-2885 (facies BI) 
Mudstone: dark grey, silt and fine sand laminae; 
weak to moderate bioturbation. 


Zoom 2o oe 
Sandstone (lg.)? “darkeqeey, dirty, shaly .and muddy; 
medium to coarse grained; fine black chert pebbles 
at top; strongly bioturbated, greater than 4" deep 
burrow, (worm?) satwtopysSskBUCcGtUureless:. 


2692=2895 (facies BI) 
Mudstone: dark grey; bentonitic; ripple laminated very 
fine grained sand lenses; moderately bioturbated; 
calcareous horizons. 
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TRIAD BPX COPG GARDEN 


11-23-34-14W4M 
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Cores: 2"; good recovery 


Depth (ft.) Description 


3220-3234 
Shale: black, fissile; sandstone lens, a fine chert 
pebble stringer near base at 3227'. 


eas 3250 
Pebbly Sandstone: black and varicolored chert pebbles, 
well rounded; poorly sorted coarse grained sand 
Matrix, 6" thick, @eharpdy uncerlain by bioturbated 
mudstone with very fine sandstone lenses, 1.5' thick. 


3236-3240 
Mudstone: dark grey, siltstone and fine sandstone lenses; 
weak bioturbation, increases downward. 


3240-3243 
Sandstone: light grey, fine to medium grained, muddy, 
dirty, shaly; strongly bioturbated. 


S245 = 3208 (facies BI) 
Mudstone: dark grey, regular siltstone and fine sand- 
stone lenses; weak to moderate bioturbation. 


I2OS— S204 
Pebbly Sandstone: black chert pebbles, fair sorting, 
dispersed in an indurated calcareous fairly well 
sorted coarse grained sandstone; sharp (erosive) 
contacts; upper 3" and lower 2" moderately 
bioturbated. 
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Beppu (Lt .) Description 
3254-3260 
Sandstone: light grey, fine to medium grained; low 
angle, planar cross-sStratification; shale laminae, 
more toward base; bioturbation, moderate, decreases 
upwards. 
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Cores 2"; good recovery 


Depth (ft.) Description 


B220-3226 


Shale: black, fissile; fine sandstone lenses at base. 


S2e0- 3252 


Sandstone: light grey, friable, fine to medium grained; 
shale, streaks, partings, laminae; homogenized by 
strong bioturbation, vertical burrows on top. 


SPAB Wee ae (facies Bi + Bit) 
Mudstone: dark grey; siltstone and sandstone laminae 
and lenses, more towards top and base; bioturba- 
tion more towards top and base; bentonite, light 
grey, medium biotite grains, mere than 6" thick 
ie eee 


488 


; MM ema MR A VR be) Ly A 8 

owe he hs ae i a : 

i ; . 

Tae His! bacts ve. _ 

ie a, AN oe PRE: 
* ey, eT on 

arta 4 A saLae 

Ad 


- > 
‘ty ly ‘se = 


if ? ’ » S| 
, bedi “9 hea 
ee Lo4 


Prsvesot Sopp 4" 8 3 


nosigkupesd 


ree + ee Te gee ee 


a. 
ome 26 ee@o08!l evo abase SAz 2 dotted aoa 
j i, on » Fits i hs A 


hontety muisem.o+ ent ,efdelst ho 
td bes keepomad zesnkmae ah het 
jae no ewownud isottuew 


oS Av 


{ire 4B eoiogt} ot 
santo ecotebase ne snosesbia | you 
Penna erkseckt apipeeiess ht an reser * 


5 
‘Dy 
~- 
om 
t 
o< 
© 
_s 
a 
o 
ie 
i 
tues 


489 


APPENDIX IIIE£ 


Lower Sandstone Ridge Complex 
(Lg¢ member) 
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B.V.X. LOC. PAN AM SCOLLARD 
BOW VALLEY 


11-2-34-20W4M 
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Core: (3s (good  secovery 
Depth (itd) Description 
3958-3976 (facies BI) 


Mudstone: dark grey; siltstone and fine sandstone 
feninac iand "lenses waa tom ang base; bentonite, dark 
Grey, Line Grainen, ese oan 3", thick at..3975': 
weak bioturbation. 


3976-3976.4 (facies BV) 

Pebble Conglomerate (Lg): black and varicolored chert 
pebbles, up to 8 mm maximum diameter, fairly well 
rounded, matrix support; matrix, fairly well sorted, 
coarse to very coarse sand; sharp (scour) basal 
contact; interlaminated with shale. 
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Depth. (ft) Description 
Baro. 2370 5 
PaWustOne: “Wanhegney at'bese tol rotyt “qrey “or top: 
Line tO meg um qrained,: Lanr “Ssouting; “abundant 
shate laminae, more towards the base; strongly 
bioturbated, more toward the base; basal 6" is 
dark mudstone with a sharp (erosive) lower contact. 


Soo 39 oy 
Pebbly Sandstone: light grey, medium to coarse 

grained, clean, well sorted; medium angle, planar 
and simple-cross-stratified; black chert pebbles, 
up to 1 cm long diameter, fairly well rounded, 
matrix supported; matrix, poorly sorted very coarse 
sand, thin, caps sequence and dispersed within the 
unit; interlaminated with shale and mudstone near 
base. 


Bo om o9 OL 
Pebbly Mudstone: black chert pebbles, up to 8 mm long 
diameter, scattered in dark grey bioturbated mud- 
stone 12" from top; siltstone and sandstone laminae 
and lenses common in the remainder of the interval; 
greenish and glauconitic. 


S791 3196 
Sandstone: greenish grey, medium to coarse grained, 
fair ‘sorting; Low langle, planar cross=stratified, 
shale and glauconite drape foreset laminae; 
few shale laminae; moderate bioturbation at base; 


Siderite concretions. 


3196-4000 (facies BIV) 
Sandstone: dark grey, very fine to fine grained; 
abundant shale streaks and partings; homogenized 
by bioturbatien: 


4000-4005 (facies BIITI) 


Sandstone: greenish grey, fine to medium grained, clean, 


well sorted; low angle, planar cross-stratification, 
glauconite and shale drape feéreset laminae, sharp 
cross-set contacts; shaly towards base; siderite 
concretions; weakly bioturbated. 


4005-4111 (facies BIT) 

Sandstone: dark grey, very fine to fine grained, well 
sorted sandstone lenses less than 4" thick inter- 
bedded with bioturbated shaly and/or muddy horizons 
or laminae; bioturbation increases downward. 
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Depth (ft.) Description 


Wee 4 5 (facies BI) 
Mudstone: darker grey; blebs and wisps of sand; a few 
sandstone fPenses;,homegenized by strong bioturbation. 


4115-4118 
Sandstone: dark grey, fine grained, shale streaks and 
partings common, very strongly bioturbated and 
SELUCTULE Less. 
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C..OvR. Bl AL FENNGE AV. 
2-30-35-19W4M 


era ero oe 


one apn ers! 
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Core: 3"); good recovery 


Depry (ite). Description 
3835-3840 (facies BI) 

Mudstone: dark grey, greenish in places; sandstone 
lenses, fine to medium grained, glauconitic; 
black chert pebbles, up to 1 cm longest diameter, 
scattered in core box around 3835'; moderate 
bioturbation near base. 


3840-3845 (facies BIIT) 

Sandstone (L6é): greenish grey, coarse grained, fairly 
well sorted; low angle, planar cross-stratified, 
sharp set contacts, reactivation surfaces draped 
with mudstone film; shaly and darker downwards; 
moderate bioturbation at base. 


3845-3847 (facies BII + BI) 
Sandstone: dark grey; interlamination of fine sand, 
mudstone and shale; moderate bioturbation. 
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Deprun (rt) Description 


S94) = 3851 
Samndetone:| (caecn grey, coarse grained, “shaly; almost 
homogenized by strong bioturbation. 


SS A Berne eye 
Sandstone: darker grey, fine to medium grained; a few 
horizontally laminated intervals; abundant shale 
streaks and partings; nearly homogenized by strong 
bioturbation. 
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Lower Sandstone Ridge Complex 
(L7 member) 
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CAMAC CHEVRON HUXLEY 


10-4-34~-24w4M 


Keb. 304) 


Core: <3" " tate recovery (slabbed) 


Depth (ft.) Description 
4850-4868 (facies BT) 


Mudstone: dark grey, abundant light grey, fine grained 
Sandstone lenses, a few cross-stratified with sharp 
CEOSS=“SeCt contacts; solack "chert pebbles <5 mm) 
dispersed in mudstone within 4851' to 4853'; 
bioturbation, weak. 


4868-4880 (facies BIIT) 
Sandstone (L7): light grey, fine to medium grained, 
clean, well sorted; low to medium angle, planar and 
Simple cross-stratified, sharp set boundaries, 
Shale drape on foreset laminae; shale laminae in 
places near base; a few bioturbated horizons, more 
at base; siderite concretions. 
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Depth (ft.) Description 


4880-4900 (facies BIT) 

Sandstone: dark to light grey, very fine to fine 
grained: clean, well sorted sandstone lenses, 1.25 
em to 5 cm thick, some horizontally and cross- 
stratified, alternate sharply with bioturbated 
shaly intervals of more or less same thickness; 
shale content and the degree of bioturbation 
decreases upward. 
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CAMAC MAVRK HUXLEY 
6-20-34-24W4M 


Riakty aso a 


ie 


Core: 3"; good recovery (slabbed) 


Deepen io.) Description 


4892-4898 (facies BI) 

Pebbly Mudstone (L+): dark grey; lenses, siltstone, 
very fine to fine grained sandstone, pebbly sand- 
stone; black chert pebbles scattered throughout 
interval; bioturbation, weak. 


4898-4898.7 (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbies, shale clasts, fairly well rounded, up 
£62 om Long axe t mete, poorly sorted, coarse 
to very coarse grained sand; matrix support; sharp 
lower contact; protruding pebbles, 
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Depth (ft.) Description 


4898 .7-4906 (facies BIIT) 
Sandstone: light grey, fine to medium grained, well 
S600 ECO), Poleen OW angle, splanar cross-—stratifica- 
tion, shalé drape foreset laminae; bioturbated 
horizons. 


4906-4932 (facies BIT) 

Sandstone: dark grey, very fine to fine grained, clean, 
well sorted, structureless to cross-stratified 
Sandstone laminae and beds (1-15 cm) thick; 
aiternate_regularly with bioturbated shaly horizons; 
sandstone bed thickness decreases downward and 
bioturbated horizons increase in thickness with 
depth; the unit becomes shalier and more biotur- 
bated downwards; bentonite, light grey, fine 
grained, 1” “thick at 49327". 


4932-4945 (facies BI) 
Mudstone: dark grey, few fine sand lenses; almost 
homogenized by strong bioturbation, vertical burrows 
(Rhizocoraldiaunm spe?) sandy on top. 
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Core: 3"; good recovery (slabbed) 


Depthnorre.) Description 


4950-4954 (facies BIIT) 

Sandstone: (L7): light grey, fine to medium grained, 
well sorted; low angle, planar and simple cross- 
stratification, shale drape foreset laminae; 
bioturbation, weak; shale content and bioturbation 
increase downward. 


4954-4967 (facies BIT) 
Sandstone: light grey, fine grained, well sorted, 
clean, thin sandstone beds alternate regularly with 
dark shale laminae; bioturbation, moderate. 
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Depth (ft.) Description 
4967-4971 (facies BIITI) 

Sendecone, “igh grey, very tine to.fine grained, fairly 
sorted and clean; low to medium angle, planar cross- 
stratification, shale drape foreset laminae; 
glauconitic; bioturbated horizons, vertical burrows 
at base; pyritic and sideritic. 
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Core: S'sieqg0dnrecovery 


Depth Vie?) Description 
5320=5323 


Sandstone (UW3): light grey, fine to medium grained, 
clean, well sorted; low angle, planar cross- 


Stratif£ied < 


5323-5324 e 
Mudstone: dark grey; sandstone lenses, some cross- 


Stratified? bioturbatee herizonst 


5324553265 
Sandstone: light grey, very fine to medium grained, 
clean, well sorted; cross-stratified, sharp (scour) 


basal contact. 


bee WM ate Ba he 
Mudstone: dark grey; 
lenses and laminae, 
bated horizons. 


abundant siltstone and sandstone 
Some cross-stratified: biotur- 
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Pept (Et. Description 
pee 4 36 
pandstone: light grey, very fine to medium grained, 


clean, well sorted; cross=stratified in places; 
bLoturbated horizons, sharp (scour) basal contact. 


5336~5340 
Mudstone: dark grey; siltstone and sandstone lenses, 
abundant; bioturbated horizons. 


9340-5347 
Sandstone: ‘dark grey, very fine to fine grained; 
muddy and shaly; low to‘medium angle, planar 
cross~-Stratified in places; sharp scour surfaces 
common; moderate bioturbation. 


554 /7=5388 
Mudstone: dark grey; siltstone and sandstone lenses, 
cross~stratified in places; weak bioturbation; 
INESCVal tos eee Como No cores cur. 


5388-5390 (facies BV) 

Pebble Conglomerate m&,) >: black ang varicolored chert 
pebbles, up to 1 cm long diameter, fairly well 
rounded; matrix, poorly sorted coarse sand; weakly 
cross-stratified; pebbles protrude into overlying 


mudstone. 
5390-5398 (facies BIITI) 
Sandstone: light grey, medium grained, clean, well 


sorted; low to medium angle planar cross-stratifi- 
cation, shale drape foreset laminae, reactivation 
surfaces, sharp cross-set boundaries; weak biotur- 
bation; siderite concretions. 


5398-5407 (facies BIT) 
Sandstone: dark grey; fine grained sandstone lenses 
alternate regularly with bioturbated shaly and 
muddy horizons; more than 3" deep vertical burrows 
at 5403'; sharp contacts, Some eroSional. 
5407-5413 
Sandstone: dark grey, fine to medium grained; structure- 
less due to very strong bioturbation. 


5413-5420 
Sandstone: darker grey, very fine to fine grained; 
muddy and shaly; some scour and fill structures; 


strongly bioturbated. 
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Core: 3°) (goed recovery 


Depi (tts. DescrrpeLon 


Soe eo 
Pebble Conglomerate (UW3): black and varicolored chert 


pebbles, up to 1.5 cm long diameter, fairly well 
rounded; matrix, poorly sorted coarse to very 
coarse sand; sharp (scour) lower contact. 


Da carey acd: 
Sandstone: light grey, medium to coarse grained, clean, 


well sorted, gradational base. 


Sol boLe 
Mudstone: dark grey; fine sandstone lenses, abundant, 


more near top, some horizontal lamination; biotur- 
bation, weak; siderite concretions; sharp (scour) 


lower contact. 
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Depth (ft.) Description 


Spa 5 5d 7 
Sandstone: light grey, fine to medium grained; hori- 
zontal and cross-stratification in places; scour 
surfaces; weakly bioturbated horizons. 


3 i A bao Be) ) 
Mudstone: dark grey; siltstone and fine sandstone 
laminae and lenses, some cross-stratified; bio- 
turbation in places. 


oe a2 
Sandstone: dark grey, fine grained; interlaminated 
with shale, siltstone and mudstone; scour surfaces, 
bioturbated horizons. 


5525-5574 (facies BI) 

Mudstone: dark grey; very fine to fine grained sand- 
stone lenses, more in upper half; shaly; biotur- 
bacvon, Strong tower balt of interval; interval 
HOa3 to 5505 ree nor Corer. 


55 74-5581 (facies BIIT) 

Sandstone (L7): greenish grey, fine to medium grained, 
clean, well sorted; low to medium angle, simple 
and planar cross-stratification, glauconite and 
shale drape foreset laminae, sharp set boundaries; 
reactivation surfaces, some draped by carbonaceous 
mud film; bioturbated horizons alternate sharply 
with clean’ sandstone intervals, vertical burrows 
Up tO 2, GCS: py terc one stderitic: unit capped 
by a thin nearly equidimensional black chert 
pebbles up to 1 cm long diameter. 


boohoo / (facies BIT) 
Sandstone: dark grey, very fine to fine grained; muddy 
and shaly interlaminae; moderately bioturbated 
horizons. 


Doe /=5600 (facies Bb Lion Ly) 
Sandstone: dark grey, fine to meflium grained, dirty, 
muddy and shaly; nearly well homogenized by strong 
bioturbation; shale laminae and streaks common, 
scour surfaces, a few sharply based clean sandstone 
lenses; shale clasts at 5592', 


5600-5608 (facies BI) 
Mudstone: darker grey, few siltstone and fine sandstone 
lenses, very strongly bioturbated, blebs, wisps and 
mottles of sand. 
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APPENDIX IIth 


Lower Joffre Sandstone Ridge Complex 
(LJg and: LJ3 members) 
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Cope: 33 g00d recovery 


bepth, (ft.) Description 
S769 5 vos ko | (facies BIII) 


Sandstone (ld5)* “greenish grey, coarse to very’ coarse 
grained, fairly well sorted; medium to high angle, 
planar and simple cross-stratification, sharp set 
boundaries, shale, glauconite, and carbonaceous 
mudstone, drape foreset laminae; weak bioturbation 
in places. 


5314-5317 (facies BLL + 235) 
Sandstone: dark grey, fine to medium grained sandstone 
lenses, less than 2" thick, alternate regularly 
with shale laminae; bioturbated horizons; underlain 
by a 3" thick sharply based, muds tone laminae. 


53 b7=53.19 (facies BIV) 

Pebbly Sandstone (LJ3): light grey, very coarse 
grained; black chert pebbles, (4mm-6mm) longest 
diameter, fairly well rounded, dispersed throughout 
interval, strongly bioturbated. 


Holo 5325 (facies BIIT) 

Sandstone: light grey, coarse to granule sand grains, 
well sorted: a few pebbles; cross-stratification, 
weak; shale streaks common near base; carbonaceous 
fucstone, 12° thigh mae voocueo + bioturbated horizons. 
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Depth (ft.) Description 


5325-5328 (facies BIT) 

Sandstone: dark grey; sand lenses, fine to medium 
grained, well sorted, clean, less than 2" thick, 
some cross-~stratified, and interlaminated with 
shale and mudstone; bioturbation, moderate to 
strong, finer sediments more affected; glauconite 
in places. 
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Core: 3"; fair recovery (a few slabbed pieces) 


Beppe (lt. ) Description 
5100-5115.5 
Claystone: black, massive; between 5113.5 and 5114.5', 

pebble conglomerate, cross~stratified coarse to 
very coarse grained sandstone, pebbly sandstone, 
pebble conglomerate, pebbiy mudstone lenses, each 
less than 3" thick, are interbedded from top to 
base; these are an turn inderiain by 12" thick 
dark mudstone; weak bioturbation. 


SS yee5116 (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbles, up to 8 mm longest diameter, fairly well 
rounded, Matric ‘suppotreds) matrix, poorly sorted, 
very coarse sand and mud. 


SLO eo 
Sandstone: light grey, coarse toe very coarse grained; 
some shale laminae; strongly bioturbated, vertical 
burrows more than 4" deep; siderite concretions 
Oe Ol. 


Sl19=5124 (facies BI) 

Mudstone: light to dark grey; sandstone lenses, fine 
to médium grained, some horizontally or cross- 
stratified; few chert granule lenses, up to 3 mm 
longest diameter; bioturbation, moderate, vertical 
and horizontal burrows, Sand mottles; bentonite, 
yellowish grey, fine grained, less than 2" thick at 
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emi (it. ) Description 


Bi 24—5127 (facies BIV) 

Sandstone (LJ3): -light grey, medium to coarse grained, 
fairly well sorted; .crossastratified in places; 
interlaminae, less than 3" thick chert pebble con- 
glomerate lenses, fissile black shale; bioturbation, 
moderate, at horizons. 


Be LS (facies BV) 
Pebble Conglomerate: black and varicolored chert pebbles, 
4mm —- 15 mm longest diameter, fairly well rounded, 


matrix support; matrix, poorly sorted very coarse 
sand; weakly cross~-stratified;: few black fissile 
shale laminae; weakly bioturbated horizons. 


mie 5-5 13'S (facies BIT) 
Pebbly Sandstone: black and varicolored chert pebbles, 
up to 6 mm longest diameter, fairly well rounded, 
a and 15" thick: anterbeds of well sorted, clean 
very coarse sandstone, 6 and 15" thick, and shale; 
bioturbation, moderate, vertical burrows filled 
with very coarse sand. 


puso L 50 (facies BT) 
Mudstone: dark grey; sandstone and pebble horizons 
near top; moderate bioturbation. 


iene _) 


(VI as aaa: ) ee 
me 4 muibom ,¥oBp ote: th” 2€bd) senewe tt 
ch hoktitsitasesons yooston Tiswyieker 

5. Ants oth ee Bees eet Sep 
ja dosld wiiderss y Meth, arasdmoip: - 
CONLIOd.3 et azabom, 


~ a 


cy bas Ageid | ypaestenagp fod. at At ; 
yatemsib tzgepnod timth = aap ee 
tao \xindeo pfsoaquEe *hadam 
hs ahs’ 2otm Yyidpew ~ bike 
BAdiuje@id YlAsew soem si slate 


iasv bee Aosid, senetahnss 
; od oan th tespoaol—im. a OF): 
, <om df | ebotbredar. gdotds “as bins HE 
is aids 11 bos or paRossonse 4 eABOD be a Sa 
4 a ote xebor Het) sdzuteid 
Sone, GaTaoo “Ytay ai 


rc bie  Soodebese, tyete 


teb svt 

dsutoid iavebor qed a8 
bar 
, ae 


7 
~ 
“ 
1 " - 
s - - 
’ 
5 
"a 
sa 
: 
y 
; 
‘ 7 : = 
Law? _ 
) i at 
ia 
a9 
= 
) . 
\ 
i: 
vl 
— 
* } \ 
7) 
' 
\ 
‘ 
af 
e . 1 , 
= 
>a 
a) 
~~ 
, 
~~ on 
' -_ 
? ® - 
0 
' 7 i Y rea 


wn 
FA 
hand 


CALSTAN JOFFRE 
ge 39—2 704M 


jp Sie Pee 8 a 


Core: 3%. good recovery 
Depth Get.) Description 
eo 52.7) . (facies BIV) 


Sandstone (LJ3): dark grey; abundant shally and muddy 
horizons, often moderately bioturbated. 


Sat A aaa Par es (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbles, 5 mm to 8 mm longest diameter, fairly 
well rounded, matrix support; matrix, poorly 
sorted, coarse to very coarse sand; faintly cross- 
stratified; few mudstone laminae. 


5278-5281 (facies BIT) 

Sandstone: light grey; very coarse grained, becoming 
finer towards base; cross-stratified in places; 
fine chert pebble lenses, dark fissile shale 
laminae are common. 


5281-5298 (facies BT) 
Mudstone: dark grey; bioturbation, moderate, vertical 
burrows filled with coarse sand in places near top; 
shalier toward base. 
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APPENDIX IIIi 


Lower Joarcam Sandstone Ridge Complex 
(Lg member ) 
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COres) 807 -Geod recovery 


Pepe Cet). Description 
3385-3405 
Shale: dark, fissile, a few siltstone lenses toward 
base. 
B405=3410 (facies BIV) 


Mudstone: dark grey, a few siltstone and fine sandstone 
lenses; strongly bioturbated. 


3410-3433 feacLles "Bi Ll + pi) 
PAanNdStONG: dark Grey, tine to meaqtum grained; low 
angle, planar and simple cross~stratification in 
places near top; very shaly; nearly homogenized 
by strong bioturbation. 


3433-3433 (facies BI) 
Mudstone: dark grey, blebs and wisps of sand, strongly 
bioturbated. 


3439-3445 
Sandstone: dark grey, very fine to fine grained; abun- 
dant Shale streaks and partings; structureless due 
to strong bioturbation. 
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CEJA ET AL MAPLE 
10-26-36-16W4M 
eB 26hh% 
| } ° 
i f 
€ 
Core: 3"; good recovery 
Depth (ft.) Description 
(facies BIIT) 
rare 


SOK os 2.0 
Sandstone: dark grey, muddy to fine grained; 
planar cross-stratified horizons; shale streaks and 
partings common; nearly structureless due to very 
strong blob sbat long 
BoZ0- 3050 (facies BIT) 

Sandstone: dark grey, very fine to fine grained sand- 
stone lenses, some horizontal or cross-stratified; 
alternate regularly with bioturbated shale or mud- 

glauconitic in places; scoured 


stone laminae; 


surfaces. 
3350-3359 (facies BL) 
dark grey, few siltstone and fine sandstone 
moderate bioturbation; sharp 


Mudstone: 
lenses and laminae; 
(scoured) basal contact. 

(facies BIT) 
fine to medium grained, dirty, 


3359-3365 
Sandstone: dark grey, 
muddy and shaly; strongly bioturbated. 
(facies BT) 
moderately 


3365=3370 
dark grey, few siltstone laminae, 


Mudstone: 
bioturbated. 
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Core: Ss 7Jood, recovery 


Depth (lcs) Deseription 


3268-3290 
Shale: dark, fissile, a few siltstone and very fine 


sandstone lenses toward base. 


F290 =F 295 
Mudstone: dark grey; interlamination of very coarse 


sandstone, mudstone and fine pebbles 12" from top; 
bioturbation is moderate. 


3295-3303 . 
Sandstone: dark grey, fine to medium grained, dirty, 


muddy and shaly; homogenized by intense bioturbation. 


3308-3328 
Sandstone: dark grey, fine grained, dirty, muddy, and 


very shaly; moderate to strongly bioturbated hori- 


zons; glauconitic in places; mudstone and shale 


interbeds. 
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Mice 2 Oa 


Comes 3) ; poor recovery 


Depth (ft.) Description 


$212-—3218 
Shale: black, a few silt and fine sand lenses toward 


base; sharp lower contact. 


S2hke-o221 
Mudstone: dark grey, sandy and moderately bioturbated; 


fine pebbly sandstone lens caps the unit; bentonite, 
dark grey, Eine orasimed, thin at. 31204). 


32214-3230 
Sandstone: dark grey, fine to medium grained, dirty, 


muddy and shaly; completely reworked organically. 


3230-3240 
Mudstone: dark grey, few silt and sand lenses; reworked 
by strong bioturbation. 


® 


3240-3267 . 
Muddy Sandstone: dark grey, some darker intervals due to 


higher shale content, fine to medium grained, dirty; 
structureless due to intense bioturbation; bentonitic 
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APPENDIX IITj 


Lower Joarcam Sandstone Ridge Complex 
(LJCz member) 
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PAMOIL ET AL CHIGWELL 


£0-3-41-25W4M 


Core: 273 -gooc recovery 


Depta (tt) Description 
4580-4590 
Shale: black, fissile or massive in places, pebble 
impressions at base. 


4590-4590 .3 (facies BV) 
Pebble Conglomerate (HiG5): black and varicolored chert 
pebbles, up to 1.5 cm longest diameter, fairly well 
s rounded, matrix supports matrix, poorly sorted, 
coarse to very coarse sand; mud interlaminae; 
sharp upper contac. 


4590.3-4600 (facies BIIT) 

Sandstone: light grey, medium grained, clean, well 
sorted; low to medium angle, simple and planar 
cross-~stratification, cross-set thickness less than 
6", sharp cross -seu concacts,*shale and, glauconite 
drape foreset laminae; bioturbation, moderate, at 
shaly horizons, increases downwards; siderite 
concretions. 


4600-4610 (facies BIT) 

Sandstone: dark grey, very fine to fine grained sand- 
stone lenses less than 2.5 cm thick, in regular 
alternation with bioturbated shaly or muddy sand- 
stone laminae and horizons; base, more bioturbated 
and shalier; sharp (scour) contacts; bentonitic at 
4606'. 
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Depth (ft-) Description 
4610-4622 (facies BI) 
Mudstome- ‘dauker grey; few silt mand yery fine sand 
lenses, often with sharp upper and lower contacts; 
bioturbation, moderate to strong. 
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APPENDIX TIT 


Lower Joarcam Sandstone Ridge Complex 
(LIC) 9 member) 
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IMPERIAL DINANT 
16-6V-48-20W4M 
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Core: 2"; good recovery (slabbed) 


Depth HEt..) Description 


34194-3190 (facies BIV) 

Sandy Mudstone: dark grey; interbedding of fine to 
very coarse sand with black shale, carbonaceous 
mudstone, siltstone and mudstone; abundant sharp 
(scour) contacts; bioturbation, weak to moderate, 
horizons of finer sediments more susceptible, 
vertical burrows, mottles and pods of coarse sand. 
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SUNOS ie oi Ao 34 (facies BIIT) 

Sandstone: dark grey, coarse to very coarse grained, 
fairly well sorted; weakly cross-stratified; 
glauconite drape foreset laminae; some shale 
laminae; bioturbation, weak, at horizons, vertical 
burrows up. to 4" deep, 
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Depth (it. } Description 
She Se a (facies BIT) 

Sandstone: dark grey, fine to very coarse grained, 
shaly and glauconitic; clean sandstone beds 
alternate with strongly bioturbated shaly lenses 
ZytO AD ToeeimemsmarD CONntacus (Scour) s darker, 
shalier, and finer at base. 


Sei L=3215 (facies BI) 

Mudstone: dark grey; siltstone and very fine sandstone 
lenses, clean, plane laminated; bioturbation, 
moderate, mottles and pods of sand; bentonite, 
light. grey, £ine to medium. biotite grains, 15" 
thick sat) 3292. 
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SUPERIOR DINANT 
10-8-48-20W4M 
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Cones 2) ecoor recovery (slabbed) 


Depth (ft.) Description 
SL63—S1 77-7 .2 (facies BIYV) 

Sandy Mudstone: dark grey; fine sand to granule size 
chert lenses less than 2" thick, often clean, well 
sorted, cross~ and plane laminated; interbedded with 
bioturbated mudstone beds up to 4" thick; bentonite, 
laght grey; fine .toimednuum bickite graim, -2"yvthick 
Be noo ees! 


Ba faa Bowe 

MisSing cores. ? 

3181.2=-3184 (facies BIT) 

Sandstone: dark grey to greenish in places; coarse to 
very coarse sandstone lenses, up to 2.5" thick, fairly 
sorted, weakly cross-stratified; interlaminated with 
bioturbated mudstone and sandy mudstone beds less 
than te sem Fthtekyfkcomonesherp (scour) contacts. 
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IMPERIAL ARMENA 
1-13<48-21W4M 
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Core:.: 2"; pocre eenovery (slabbed) 


Depth (ft.) Description 
3200-3209 (facies BI) 
Mudstone: dark grey; abundant siltstone and very fine 
sandstone lenses, plane and cross-laminated in 


places; few dark, fissile shale laminae; moderately 
bioturbated. 


& 
VAIN Ie at Royal a (facies BIV) 

Sandstone: light grey, greenish in places, coarse to 
granule size sand, fairly sorted; some fine 
chert pebbly horizons; shale and mudstone laminae; 
bioturbated horizons. Interval appears made up of 
about 4 discrete coarsening upward units, each 
aout SeiZ2" thick. 


3213.6—3234.4 
Missing cores. 
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Depth (£t.) Description 
3234 .4-3240 (facies BIT) 

Sandstone: dark grey, fine to medium grained sand; 
abundant shale streaks, wisps, blebs and partings; 
homogenized by very strong bioturbation; two clean 
sand lenses witmcharp (eeour) contacts; bentonite, 
dark qrey, fine to (medium biotite grains, 11" thick 


Ate 20 soe 


3240-3241 (facies BI) 
Mudstone: dark grey, fine sand lens with sharp upper 
and lower contacts; nearly homogenized by very 
intense bioturbation. 
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IMPERIAL ARMENA 
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Core: 2"; good recovery (slabbed) 


Pepi (its) 1) | 7) ee eeor et 


3205-3214 (facies BI) 

Mudstone: dark grey; plane and cross-stratified silt- 
stone and fine sandstone lenses up to 1.5 cm thick 
towards top, coarse to very coarse and..pebbly sand 
lenses up to 5 cm thick and cross-stratified in 
places towards the base; abundant sharp contacts, 
some erosional; bioturbation, weak to moderate, 
at HOrizons: bentonite wat 3 2t0". 

3214-3220 (facies BIV) 

Sandstone: dark grey to greenish, coarse to granule 
size, fairly well sorted, cross-stratified in 
places; shale and mudstone wavy interlaminae, up 
to 5 cm thick where Sandy; sharp contacts, some 


erosional; bioturbation, weak to moderate, at 


horizons. 
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Depth (ft.) Description 


6220-3238 .5 (facies BIIT) 

Sandstone: greenish grey, medium to granule size grains, 
fairly well sorted; low angle, planar cross- 
stratified, Sharp set boundaries, shale and glauconite 
drape foreset laminae; seems made up of several 
coarsening upward Units 9 to 15° thick; .baoturbation, 
weak to moderate, at shaly intervals or horizons. 


3236 -5=3243 5 (facies BIT) 

Sandstone: dark grey, fine to medium grained; abundant 
shale streaks, partings, wisps and blebs; nearly 
homogenized by very stre@eng bioturbation; a few clean 
sandstone lenses with sharp contacts; darker, 
shalier, finer, and more bioturbated toward base. 


3243 65-3247 (facies BI) 

Mudstone: dark grey; strongly bioturbated (Chondrites), 
abundant pods of sand gives a mottled appearance to 
unit; few clean sandstone lenses, some sharply 
basedy bentonite, light grey, fine to medium biotite 
Grain; about: L2" pehick at 3244". 
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IMPERIAL DINANT 
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Core: 2"; good recovery (Slabbed) 


Herrin thi.) Description 


3218-3231 (facies BI) 
Mudstone: dark grey; plane and cross-stratified silt- 
stone and fine sandstone lenses near top, coarse 
to very coarse sand lenses up“to 2.5 cm thick toward 
base; bioturbation, weak near top and moderate 
near base. 


3231-3236 (facies BIIT) 

Sandstone: dark grey to greenish, very coarse grained, 
fairly sorted, low angle, planar cross-stratifica- 
tion in places; glauconitic; shale and mudstone 
laminae, more at top and base; moderate bioturbation 
near top and base; some sharp contacts (scour). 


3236-3250 (facies BIT) 

Sandstone: dark grey, fine to coarse grained, very 
shaly and glauconitic; almost completely reworked 
by very intense bioturbation; a few siltstone and 
fine sandstone lenses less than 1.5 cm thick, shale 
laminae less than 2 mm thick; bentonite, light grey, 
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Depth (ft.) Description 
Medium, DAGtiuergrains ; more than 24" thick at 
Sie arom 

Bi) Ueto aoe (fTagtes Bi) 


Mudstone: dark grey, homogenized by very strong biotur- 
bation; bentonite, light grey, fine to medium 
DLOE Leer Lov thick ahs 25155. 
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APPENDIX IITIk 


Upper Eastern Sandstone Ridge Complex 
(UE> member) 
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U.S. SMELTING ACADIA 


1li-11-24-3W4M 
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COre<g 1657 GOOG recovery (Slabbed) 


Depel Ares). | Description 


2445-2450 
Shale: black, fissile or massive im places: “thane chert 
granule stringer and fine sand lenses near base. 


2450-2451 (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbles, up to 1 cm longest diameter, fairly well 
rounded, matrix Support; matrix, poorly sorted, 
very coarse sand; shale and mudstone interlaminae, 
sharp lower contact; 10 cm thick; grades upward 
into 7.5 cm thick pebbly sandstone, up to 5 mm 
longest diameter, Shale streaks; finally capped by 
10 cm thick fine to medium grained, well sorted 
sandstone. 
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Depth (ft.) Deseription 


2451-2460 (facies BIII) 

Sandstone: light grey, fine grained, clean, well sorted; 
friable, -tnaurated and calcareous between 2451-and 
2453.5"; medium scale, low angle simple cross- 
stratification; a few shaly horizons, some on foreset 
laminae; bioturbation, moderate near top, and at 
Nori: Zonse 
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UNION PERMO ACADIA VALLEY 


7-L1-25-3W4M 


Tess aps 
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Core: 39. good recovery: /(slabbed) 


Depth (ft. } Description 


2453-2470 
Shale: black, frssvle, si deritic, few siltstone 
stripes, sharp basal contact. 


2470-2483 (facies BIV) 

Sandstone: brownish grey, friable, fine grained, muddy, 
Shale laminae in places; nearly homogenized by 
intense bioturbation, vertical and J-shaped burrows; 
a few low angle planar cross-stratified horizons, 
some with carbonaceous matter on foreset laminae; 
a’i.2 cm thick pebbivecandstone, caps the. unit. 


2483-2503 (facies BIIT) 

Sandstone: light grey, yellowish brown in places, fine 
grained, clean, well sorted, slightly indurated; 
medium scale low angle, planaf cross-stratified, 
sharp set boundaries, carbonaceous mudstone and 
shale on foreset laminae; shale laminae, more near 
base;’“bioturbation, vertical burrows, at horizons. 
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10-2-25-2W4M 


} ( 
Cores 2" good recovery (slabbed) 


Depth (ft. ) Deseript Lon 


2438-2446 
Shale: blacks fissile; sangyiand bioturbated near base. 


2446-2447 (facies BV) 

Pebble Conglomerate: black chert pebbles, up to 8 mm 
longest diameter, fairly wel] rounded, matrix sup- 
ported; matrix, poorly sorted coarse.to very coarse 
sand; interlaminated with dark shale, mudstone and 
pebbly sandstone; sharp lower-contact. 


2447-2453 (facies BIIT) 
Sandstone: light grey, fine grained, clean, well sorted; 
friable; calcareous and indurated between 2447 and 
2449': medium scale, low angle planar and simple 
cross-stratified, sharp set boundaries, shale drape 
foreset laminae; few shale and mudstone laminae, more 
near base: bioturbated horizons. 
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ANGLO ROYALITE KROY ACADIA 
6-28 <24-1W4M 


DEN Ie AS I 
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tJ 
Core: 3"; good recovery (slabbed) 


Depth Wit.) Description 
250125 10.5 (facies BIIT) 

Sandstone: light grey, very fin@ to fine grained, clean, 
well sorted; low angle, planar cross-stratification, 
small to medium scale, dark and red speckled 
(heulandite?) shale on foreset laminae, sharp cross~- 
set boundaries; bioturbation, moderate, at two 
horizons, horizontal and vertical burrows. 


2510 Jato. 6 races (Pit BI) 
Shaly Sandstone: interlamination of very fine sand and 
shale; horizontal bioturbation predominant. 


f'\ LG AOA: SORA aT LLAYOR CATOVA a 


' 
WAT 
— 

' 

F> 
= ¢ 
ON 


‘pW L+BeoR lad 


~~ 
a ee 
' 
\ “sy 
‘ 
re la 
FAK! 
; 
\ 
aT 
\ 
i ve 
. i 
fe! 
ai ¥ 
+ Pig 
a4 
‘Tr 
4 .’¢ 
J 


<< ¥ Fe ¢ 


» 


/ 
. y 
k 
oe 
; ; 
4 -, 
. 
“a 
4 
, 
e { 
ho 
} 
(wr Pe 
_3 
l Sl 
a > f 
‘ 4 ‘J 4 
‘ck 
‘ 


; 
. , 


’ 
~ é 
; - : ‘ 
i iy, NS ite 
. . ae 8 
. 
: 4 
a | 
{ —— 
>? = _ aN “ Ra 
Pa 
< a" 
x seo, 
OUP cea, 
/ 7 
ns 
4 \ 
id \ 
4 
JS 
¢ 
7 ot 
ed 
i 4 4 
— s ' - - ‘ 
~ a) > 
‘ ” ~ 
; x 
Ns : 
} Se 
el J ; i 
nf =< 
t 
“ra 
wm 2" e oOo) 
) 


Sm 7. ; 
Gia > mS OTe 2s Soo) 
. : ' 5. ri eT qj ’ “4 a 
aL L Li 4 i og ‘ * err 
ep Seu 
@s = = 


b+ 7 Shri ne vy 


' 
Vor u2e LAA 


20,020.21. (facies BIIT) 
scons: light grey, very fine to fine grained, 
friable, clean, well sorted; low angle, planar 
cross-stratification, medium scale, sharp cross-set 
boundaries, foreset laminae draped by shale or 
carbonaceous mudstone, some may be herringbone- 
type; clay clasts near base; weak bioturbation. 


Belew 2527 «3 (facies BII + BT) 

Sialy Sandstone: | two i226 to (28 cm thick, -Light::grey, 
fine grained, clean, well sorted, and cross-strati-~ 
fied sandstone beds, alternate with bioturbated 
horizons of interlaminated very fine sandstone, 
mudstone and shale; wavy SE lenticular bedding, 
scour surfaces. 


SOA Te ASL! 9s, (facies BIV) 
Sandstone: light grey, very fine to fine grained, 
muddy; indurated calcareous band between 2538.9 
and 25405" ecrongly pioturbated, vertical burrows, 
Zoophytus sp.;7 Lew low angle, planar-cross- 
stratified intervals; red speckled shale inter- 
laminae common. 


2545-2555 (facies BIIT) 

Sandstone: light grey, very fine to fine grained, clean, 
well sorted; low angle, planar cross-stratified, 
sharp cross-set boundaries, medium scale; very few 
shale laminae; bioturbation, moderate, at three 
horizons, Zoophycus sp., Chondrites sp., erosional 
Comte. S. 
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H.B. FARGO ACADIA VALLEY 


10-11-26-2W4M 


eee. 2472" 


COVres 2.5.) good recovery (slabbed) 


Berichy 2m. ): Descriptions 
2500-2507 ys 
Shale: black, fissile; mudstone, siltstone, sandstone 
and granule sandstone lenses near base. 


2507-2520 (facies BIIT) 

Sandstone: light grey, fine to medium grained, clean, 
well sorted; medium scale, low angle cross-strati- 
fied, sharp cross-set boundaries, shale and car- 
bonaceous mud drape foreset laminae near base; 
calcareous and indurated between 2515.5 and 2518'; 
4" thick interlaminated mudstone, pebbly sandstone, 
shale, and very coarse sand caps the unit; 
bioturbation at horizons. 
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Core: 3"; fair recovery (slabbed) 


DepLiettt.) Description 
2419-2445 

Shale: black, fissile; a few siltstone laminae near base. 
2445-2446.5 (facies BIV) 

Sandstone: light grey, fine grained, friable, well 


sorted: Structipeless due to intense, bioturbation, 
some horizontal and vertical burrows. 


2446 .5=-2451..5 (facies BIIT) 

Sandstone: light grey, fine grained, clean, well sorted, 
friable; low angle, planar cross-stratified, sharp 
cross-set boundaries; shaly toward base; bioturbation, 
deep vertical burrows, at horizons. 
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Dentin (Lu. ) Description 
245i 3-24.56 (facies BIT) 
Sandstone: light grey, fine grained, well sorted, low 


angle, planar cross-stratified sandstone beds less 
than.2' thick, some with sharp cross-set boundaries, 
shale drape foreset laminae; in regular alternation 
with dark grey shaly sandstone intervals less than 
6" “Ehick bie tuebation, at horizons,smore on the 
shaly intervals. 


2456-2457 (facies BIITI) 

Sandstone: light grey, medium grained, clean, well 
sorted; medium angle cross-stratified, sharp cross- 
set boundaries, shale on foreset laminae, scoured 
surfaces. 
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MOBIL ALKALI CREEK ~ 
10~22-27-6W4M 


KB. 2454' 


Core: 3"; good recovery (slabbed) 


Dept tiie) Description 
2480-2492 
Shale: black, fissile; siltstone, sandstone and granule 
laminae, some cross-Stratified between 2490 and 2492'. 


2492-2510 (facies BIIT) 

Sandstone: light grey, fine grained, clean, well sorted, 
friable, low angle, cross-Sstratified; calcareous at 
2495'. Unit is capped with pebbly sandstone, medium 
to coarse grained, about 4 mm longest diameter, 6" 
thick; indurated and calcareous, carbonaceous mudstone 
on foreset laminae, between 2547 to 2500'; muddy, 
shaly, more bioturbated horizons, and darker between 
2500 and 25i0re 
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7-20=27-2W4M 


Core: +h"; poor yrecovery, 


Depth (fr.) Description 


2560-2564 
Shale: black, fissile or massive in places; silty 
toward base. 


2564-2565 (facies Bl) 
Pebble Conglomerate: black chert pebbles, up to 2 cm 
longest diameter, fairly well rounded, matrix sup- 
ported; matrix, poorly sorted, very coarse sand; 


shaly interlaminae. ° 
2eG0-2079 
Sandstone: dark grey, medium grained, low angle, planar 


cross-Stratified near top; abundant shale and mud- 
stone interlaminae, more toward base, bioturbation 
moderate. 
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SAMEDAN CROWN OYEN 
10-1-29-6W4M 


Rie. Loud. 


Core: 3"; fair recovery (slabbed) 


Depth {£t.) Description 


2545-2554 
Shale: black, fissile; 
lenses near base. 


cross-laminated fine sandstone 


2554-2557 
Sandstone: light grey, fine grained, muddy and friable; 


a few shale streaks and partings; bioturbation, 
weak to moderate, at horizons, Zoophycus sp.; a few 
chert pebbles scattered in coarse sand, more than 
3" thick, caps the unit; calcareous between 2554.3 


and. 255.6." % 

(facies BIT) 
grey, fine grained, muddy and dirty 
interbedded with fissile black shale 
Zoophycus 


2557-2568 
Shaly Sandstone: 
sandstone beds; 
Mp to 7.5 cm thicks bieturbation, intense, 


Sp. ane Chondrites: Sm, 


2568-2570 
Sandstone: 
sorted; 
ak Cop. 


light grey, medium grained, clean and well 
granule sage black chert grains dispersed 
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Core: 3"s farw recovery 


Depth Clee) Description 
2485-2510 
Shale: black and “fissile. 


Z2510=2515 (facies BI) 
Mudstone: dark grey, siltstone lenses toward base, 
weak bioturbation. 


2515=2520 
No cores. 


2520-2530 
Sandstone: dark grey, fine to medium grained, dirty, 
muddy, shaly and friable; structureless due to very 
strong bioturbation. 
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MIDWEST GAS OYEN 
6-23-29-4W4M 


Kee 2416." 


Cores 3"; qood recovery 


Depth (ft.) Description 
2475-2479 
Shale: black, fissile or massive in places, sideritic, 
Sandy toward base. 


2479-2480 (facies BV) 

Pebble Conglomerate: black and varicolored chert pebbles, 
up to 1.5 cm Longest diameter, , fairly well rounded, 
matrix dsupperted; matrix, mud: underlain by 7.5 >cm 
thick bioturbated mudstone. 


2480-2484 (facies BIIT) 
Sandstone: light grey, fine to medium grained, calcareous 
and indurated, weakly cross-Stratified; shaly, more 
toward base. 


2484-2492 blaGaes -BLITL i+ Bi) 
Sandstone: dark grey, fine to medium grained, dirty, 
muddy, abundant regular shale laminae, low angle, 
planar cross-stratified in places; scour and fiil 
structures; moderately bioturbated at horizons. 


2492-2506 (facies BIT) 
Sandstone: darker grey, fine to medium grained, abundant 
shale laminae, streaks and partings; strongly biotur- 
bated and structureless. 
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MOBIL OYEN 


10-4-30-2W4M 


KiBe 2431! 


Core: 3"; fair recovery (slabbed) 


DECEn Gat.) Descrspeion 


2a20- 2056 
Mudstone: dark grey, abundant shale and silt laminae, 
very fine sandstone lenses; weakly bioturbated; 
bentonitichat 554: 


2556-2559 ~ (facies BIV) 

Pebbly Sandstone: dark grey, medium to coarse grained, 
dirty, mucady ;epoer sorting: black and varicolored 
chert pebbles, well rounded, up to 6 mm longest 
diameter, scattered throughout interval, but appears 
more concentrated at 2 horizons; strongly bioturbated. 

259 59=25067 (facies BIIT) 

Sandstone: dark grey, fine to medium grained, dirty and 
muddy; low to medium angle, horizontal, simple and 
planar cross-stratified, sharp cross-set boundaries, 
some draped by shale, shale on foreset laminae; 
sharp (eroSive) contacts; common shale interlaminae; 
moderate to strong bioturbation, mostly at shaly 
horizons, vertical burrows common. 
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Depth (it .) Description 


2560 1=2577 (facies BIT) 
sandstone: (darkese qrey, very fine to Line grained, 
dirty and muddy; shale, abundant as laminae, 
streaks and partings; bioturbation, very strong, 
vertical burrow up to 3" deep; sandstone beds 
alternate regularly with bioturbated shaly intervals 
usually less than 3 mm thick. 


2577-2580 (facies BI) 

Mudstone: dark, some greenish horizons; shale, silt- 
stone and Sandstone interlaminae and lenses; 
herringbone cross-stratification, cross-set 
boundary erosive, some draped with bentonitic 
shale and glauconite; bioturbation, moderate to 
strong (Serebellina sp.’ or Siphonites.sp.?). 
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TRECON SEDALIA 
11-24-30-5w4M 


Kew Bie Aine 


Hpac | 
Pasi cs 
“lh Grae a} 


Cores i"; good recovery 


Depen sche.) Description 


250822575 
Lost cores. 


5h) 
Shale: black, fissile, muddy towards top; sharp basal 


Gontact. 


2300-239. 
Calcareous Shale: light grey, indurated, very 
calcareous. 
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Depen {(f£t.) Description 


2600-2605 
Sandstone: dark grey, very fine to fine grained, muddy, 
shaly, and dirty; homogenized by bioturbation. 


2605-2611 
Néeiacoresteuts 


2611-2612 
Shale: black, fissile and bentonitic. 


2612-2614 
Sandstone: dark grey, very fine to fine grained, 
muddy, shally, and dirty; honfogenized by bioturbation. 


2614-2621 
Nor COres Cul? 


262152623 
Shale: dark, fissile, silty near top, sandy toward base. 


Zoos 2B eo 
Sandstone: dark grey, fine grained; strongly biotur- 
bated. 


2635-2642 
Shate: dark and £Lissile,s 
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Core: 3"; fair recovery (Slabbed) 


Depth (ft.) Description 
2395-2410 

Shale: black, fissile, siderite concretions. 
2410-2422 


dark grey, siltstone and fine sandstone 


Mudstone: 
horrzons ot weak bioturbetion. 


laminae and lenses; 


2422-2428 .5 
Sandy: Mudstone: dark grey; interlaminae, siltstone, 


fine to coarse sandstone bed and pebble conglomerates 
ies th Giee 


2428 .5-2443 
Mudstone: dark grey; siltstone and very fine sandstone 


laminae and lenses, herringbone cross-stratification 
with sharp (erosive) cross-set boundary; weak 
bioturba tron, 


2443-2445 
Shale: dark, fissile and bentonitic. 
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Pepe (er.) Description 


2445-2448 
Sandstone: light grey; black chert pebbles 4" thick 
and up to 6 mm longest diameter at base, fine 
grained sandstone on top; fairly sharp basal contact; 
low to medium angle, planar cross~-stratification, 
shale laminae on foreset laminae (fining upward 
textural sequence). 


2448-2451 
Shale: black and fissile. 
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APPENDIX ITIL 


Upper Central Sandstone 
Ridge 
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Core; 3°? good Tecovery 


Dept (rt .) Description 


2558-2597 
Shaie: black, fissile, massive, sandy and bioturbated 
near base, bentonite beds, light to dark grey, fine 
grained; ls. and Jess than 1” thick, at 2592" and 


ZOoGl. 
2597-2598 (facies BV) 
Pebble Conglomerate: black and varicolored chert 


pebbles, up to 1.5 cm longest diameter, fairly 
well rounded, matrix supported; matrix, poorly 
sorted very coarse sand. 
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Depth (£t:) Description 
2598-2600 (facies BIIT) 
Pebbly Sandstone: light grey, coarse to very coarse 


grained, fairly well sorted; .low angle, planar cross- 
stratified, sharp cross-set boundaries, chert 

pebbles dispersed throughout unit; dirty, some shale 
laminae. 
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Core: 2"; poor recovery 
Depth (ft.) Description 


2898-2540 


Shale: black, fissile; mass 


toward base; bentonite, 
15" thickoat 2926: some 


2940-2945 
NO .COresS Cite 


2945-2974 


ive, sandy and bioturbated 
dark grey, fine grained, 
shale laminae. 


(facies BIiITI + BIT) 


Sandstone: light grey, fine to medium grained, well 
sorted; low to medium angle, planar cross-stratified, 
medium scale, sharp cross-set boundaries, some 


draped by shale; shale 


Laminae common; bioturbation, 


weak to moderate, at horizons. Unit is capped by 
a 14" thick, black and varicolored chert pebbles, 
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Depth, (ft...) Description 


up to 8 mm longest diameter, fairly well rounded, 
matrix supported; matrix, poorly sorted, very coarse 
sand; sharply underlain by a.6" indurated calcareous 
sandstone band; siderite concretions. 


2974-2982 (facies BIT) 
Sandstone: dark grey, few horizontal laminated, fine 
sand lenses, abundant shale laminae; moderate 
bioturbation; bentonitic at base. 
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APPENDIX IiIiIm 


Upper Western Sandstone Complex 
(UW3 member) 
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Core: 3+ good recovery 


Deepen Cet.) Description 
20 /0$308:8 

Shale: black, fissile; sandy toward base. 
3888-3888 .5 


Pebbly Mudstone: 3" thick fine chert pebbles dispersed 


in a poorly sorted shaly medium grained sand matrix; 
underlain by a sharply based 3" thick shale. 
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Depth (ft. Description 


BOGa «a7 oo Ll 
Siialy Sandstome: “Light to dark grey; regular interbedding 

of sandstone and shale or mudstone; sandstone, very 
fine to fine grained, well sorted, often low angle 
planar cross-Stratified, some with shale on foreset 
laminae, Sharp corss-set boundartes, up to 2' thick; 
scour surfaces; shale content and degree of bioturba- 
tion increase downward. 
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Depth (ft.) Description 
3950-3958 


Shale: black, fissile, sandy toward base. 


3958-3959 (facies BV) 

Pebble Conglomerate: black and varicolored chert 
pebbles, up to 1 cm longest diameter, fairly well 
rounded, mMacrix support; matrix, poorly sorted 
coarse sand; some shale interlaminae; underlain by 
a sharply based 1.5 cm thick mudstone. 
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Depth. (ft.) Description 
3959-3964 (facies BIIT) 
Sandstone: dark grey, very fine to fine grained; cross- 
stratified; abundant shale laminae, some on foreset 
Laminae: weak bioturbation. 


3964-3968 (facies BIT) 
Shaly Sandstone: dark grey; very fine sand lenses inter- 
laminated with shale and mudstone; weak to moderate 
bioturbated horizons. 


S260-39 7 (facies BII + BI) 

Muddy Sandstone: dark grey; sequence of interbedded 
sandstone, mudstone, shale and pebble conglomerates. 
Sandstone, fine to medium grained, some cross- 
stratified, up to 2' thick; shale and mudstone, less 
than 3 mm thick, usually sandy; pebble conglomerate, 
black and varicolored chert pebbles, fairly well 
rounded, matrix supported; matrix, mud; shale inter- 
laminae; caps unit; bioturbation, weak to moderate, 
at Horizons. 


3977-2985 (facies BI) 
.Mudstone: dark grey; abundant fine sandstone lenses, 
some cross-stratified and horizontally laminated; 
moderate bioturbation. 


3985-3987 (facies BIV) 
Pebbly Sandstone: black and varicolored chert pebbles, 
up to 6 mm longest diameter, well rounded, scattered 
in a strongly bioturbated fine grained sandstone. 
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pepe fet .) Description 


3760-3769 
Shale: black, massive or fissile in places. 


3769 —=377 1 (facies BV) 

Pebbly Sandstone: black and varicolored chert pebbles, 
up: to 8 mm longest diameter, fairly well rounded; 
dispersed in poorly sorted,¢very coarse grained, 
feldspathte sandstone. 


Ree T 3 
Shale: - black Wetreci te, Sharp basal. contact. 

Sst ey (facies Bilt = BLT) 
Sandstone: light grey, coarse to very coarse ‘grained, 


feldspathic, weakly cross-stratified, friable; 
abundant shale laminae and streaks. 
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Depth (ft .} Description 


3777-3780 (facies BI) 
Mudstone: dark grey, abundant siltstone and sandstone 
laminae; bioturbated in places. 


3780-3785 
No cores. 


3785-3790 (facies BIT) 
Shaly Sandstone: dark grey; very fine to fine grained 
sandstone lenses, regularly interlaminated with 
shale and mudstone; moderate bioturbation in places. 


3790-3800 (facies BIT) 
Sandstone: dark grey, very fine to fine grained, well 
sorted; cross-stratified in places; shale laminae 
common; moderate bioturbation at horizons. 


3800-3812 (facies BI) 

Mudstone: darker grey, greenish and glauconitic in 
places; abundant sandstone lenses, some ripple cross~- 
laminated; scour surfaces; shale laminae toward base; 
moderate to strong bioturbation. 
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Deptin(tt ..)) Description 
3629-3632 
Shale: black, fissile or massive in places, sharp 
basal contact. 


38 52=3032.5 (facies BV) 
‘Pebble Conglomerate: black chert pebbles, up to 1 cm 
longest diameter, well rounded, matrix (supported; 
matrix, black mud. 


Beavis Shah ale he, fractes “BIIL + B11) 
Sandstone: dark grey, fine to medium grained, fairly 
sorted; plane and low angle, planar cross-stratifi- 
cation; sharp cross-set boundaires, shale on fore- 
set laminae, some herringbone-like; shale laminae 
common; weak bioturbation. 


3839-3841 (facies BT) 
Mudstone: dark grey; abundant siltstone and fine sand- 
stone laminae and lenses, some cross-stratified; 
moderate bioturbation. 
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Pepin (ec. )) Description 


3841-3847 (facies BIT) 

Sandstone: light grey, fine to medium grained, clean, 
fairly well sorted; low angle, planar cross- 
stratification, ripple cross-lamination; few shale 
laminae. 


3847-3853 (Facies Bit + BL) 
Mudstone: dark grey; abundant very fine sand lenses, 
some cross~laminated; scour surfaces; moderate 
bioturbation. 


BOSo=o5) 5 «5 (facies BV) 

Pebble Conglomerate: black and varicolored chert pebbles, 
up to 3.5 cm longest diameter, fairly well rounded, 
grain supported; matrix, fairly sorted coarse to 
very coarse sand; shale interlaminae. 


53655 ..5-3867 (facies BIT) 

Sandstone: dark grey; very fine to fine grained sand- 
stone lenses, some planar cross-stratified; alternate 
regularly with shale or mudstone or siltstone 
laminae; bioturbation, moderate, at horizons. 


3867-3872 (facies BI) 
Mudstone: darker grey, fine sandstone lenses, scour 
surfaces, moderate bioturbation. 
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Core: 3%"; good recovery 


pence (i e:.) Description 
3868-3873 (facies BIIT) 

Sandstone: light grey, fine to medium grained, fairly 
well sorted; low to medium angle planar cross~ 
stratification; some shale laminae, more near base; 
weak bioturbation. 


3873-3876 (facies BIT) 
Sandstone: light grey, very fine to fine grained sand- 
stone lenses alternate with siltstone, mudstone and 
shale laminae; scour surfaces; weak bioturbation. 


3876-3884 (facies: BIIl 4+ Bit) 
Sandstone: light grey, fine to medium grained, clean, 
fairly well sorted; low angle, planar cross- 
stratification; some shale laminae. 


3884-3887 (facies BI) 
Mudstone: dark grey; very fine sandstone lenses common; 
scour surfaces; moderate bioturbation. 


3887-3894 (facies BIT) 
Sandstone: dark grey, fine to medium grained sandstone 
lenses; shale laminae, streaks and partings; highly 
reworked by bioturbation, 
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Depth (rr. ) Description 
3894-3912 (facies BI) 
Mudstone: dark grey, few very fine sandstone lenses; 


shalier, 


darker and more bioturbated toward base. 
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OAKRIDGE ET AL DRUMHELLER 


f-1—29-19W4M 


Core: .3"> good recovery 


Deprny (ft.) Description 
3645~3651 

Shale: dark, fissile; base, sharp, may be eroSional. 
3651-3654 (facies BIII) 

Sandstone: light grey, very fine grained, clean, well 


sorted; very muddy; low angle, planar cross- 
stratification in places. 


3654-3675 (facies BIT) 

Sandstone: dark grey; regular alternation of very fine 
sandstone lenses with shale and mudstone laminae; 
bioturbation, weak to moderate, shaly horizons more 
affected; bentonite, light grey, medium biotite 
Grains eee at Shoe. 
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Depeh (ie. Description 
3675-368 7 (facies BT) 


Mudstone: dark grey, abundant very fine sandstone lenses 
and shale laminae; strongly bioturbated; bentonite, 
DiGhI orev = ine orainca, £ thick at’ 3665 ". 


B68 7=269 7 5 (facies BV) 

Pebble Conglomerate: black and varicolored chert pebbles, 
up to 1.5 cm longest diameter, fairly well rounded, 
matrix, supported; matrix, poorly sorted, very coarse 
sand; some mudstone interlaminae. 


3687.5~-3696 (facies BIIT) 
Sandstone: dark grey, fine to medium grained, well 
sorted; shale laminae, streaks, and partings; 
bioturbation, moderate to strong. 


3696-3710 (facies BII) 

Shaly Sandstone: dark grey; very fine to fine grained 
sandstone lenses alternate regularly with shale and 
mudstone laminae; moderate to strong bioturbation 
at shaly horizons. 


37A0S3 765 (facies BI) 
Mudstone: dark grey, weakly bioturbated, few sandstone 
lenses ;-*benronite, lagnt to dark grey, fineito 
medium Bigtrte grag, Oo pehick: at)3723." andi 3755". 
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Appendix Va 


Plate XVII 


Continuous Core of Barrier Island Facies Sequence A; 


A.N.D. #1 10-14-23-1W5M; (UW 1). C.I. 


Ebb-delta facies. 


6370-6479. fits 


Marginal or spillover channel facies. 


10) 


Middle shoretace facies. 


Transition (shoreface-offshore) facies. 


Upper shoreface - Beach facies. 
Eolian dune facies. 


Back barrier muctlatetacices. 


Lagoonal facies (Washover (WO), Undermarsh clay (UC), 


5 
f 


Marsh (MS) ee 


Mixed. tidal fg dc see Boos 
Tidal creek channel facies? 


Overbank facies. 
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Appendix Vb 
Piate: XVIIT 


Continuous core Of (tidal currence. 
sand ridge facies; 
Chevron Handhills  10-36-28-14 W4M, (L3), 
Cid S062 r= SUG4 re. 


Heterolithic facies: 
Cross-bedded sandstone facies, 
€ 


Bioturbated sandstone facies. 


Bioturbated mudstone facies (Upper) with cong lomera 
facies: (CF). 
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Appendix Vc 
Plate XIx 
Continuous core. of (tidal current) 
sand ridge facies; 
Camac Mavrk Huxley 6-20-34-24 W4M; (L7), 
Col. 4892) = A9ea ae e 
Bioturbated mudstone facies (lower). 


Heterolithic facies. 


Cross-bedded sandstone: facies with conglomerate 


ifacres:. (CE). 


Bioturbated sandstone facies. 


Mudstone facies (upper). 
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Appendix Vd 
Plate XX 


Continuous: Core on (fidal cumsen 
sand ridge facies; 
Imperial Armena 9-T3>48-—20 Wellies). 
Cel 3205 Ss) 32a eye 


MN 

O-P, 
Bioturbated mudstone facies (lower). * Hetero- 
lithic fLactes.and © bentonite (Ce 

N=Oy 

R-S Cross-~bedded sandstone facies. 

S-T Bioturbated sandstone facies. 

hers Mudstone facies (Upper). 
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Appendix Ve 
Plate XXI 
Continuous Core of Atical current 3 
sand ridge facies;. 


Union Permo Acadia Valley.7-11-25-3W4M; (UE9). 
Ce PA SOLE IA Ae IES. ieee 


Heterolithiac faces. 
Cross-bedded sandstone facies. 
Bioturbated Sandstone teactea. 


Lloydminster marine shale. 
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Appendix VE 
Plate XXII 
Continuous core of (tidal current?) 
sand ridge facies; 


nglo Royalite Kroy Acadia 6<28-24-1W4M; (UR) . 
Cet. (2500 (3259 


Bioturbated mudstone .facies + Hetero] Tthie 
facies. 


Cross-bedded sandstone facies. 


Bioturbated sandstone, faces. 
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Appendix VI. Generalized legend for cross-sections, fence 
diagrams and vertical facies sequences of 
Viking sandbodies. 


_Lithology shale 

mudstone 

sandstone 

Shale lamina 

sand lenses 

shale - mudstone clasts 


interlamination of ss., mudst., and sh. 
bentonite (BE, D, C,.A, Ao) 


inferred position of bentonite 
horizontal lamination 


Sedimentary 
and biogenic 
structures 


irregular lamination 

simple foreset cross-stratification 
planar foreset cross-stratification 
ripple trough cross-lamination 
trough cross~stratification 


herringbone cross-stratification 
scour surface 


plant root 
bioturbaticn 
burrows 


FUS (Fining Upward Sequence) 
CUS (Coarsening Upward Sequence) 


Other symbols 
well identity (1), horizontal distance between 
wells in miles (| 2 | Blairmore (BL), top of 
Mannville (TM), Joli Fou (JF), top of Viking (TV), 
Lloydminster (LYD), base of Fisn Scales (BFS), 
datum (DAT/dat), reference line (Ref). 


Dy nopisrarien 
rena en pickasenonmny 4 


ait) ts havi a 
haa aie 
et Se Od 
Nery F 
Tae. 2 
Po 
ot At as 
ae bet ‘ 
ha 
i) ba , 
aye 
4 ae | f 
Ms Pt 
4 ie | 
Mar one 
: 
v 
j : 
J 
ee ya 
_ iy ane 


om Rec AY? Me ci Haar 


\ ac of * 7 - 7 
. Mi aa - oe Dai \ 7 ie 7 r i ny 7 


eee ) 
re y 
s ; 
i OA. 
os 
> 
L- 
fi 


a : . ; > Aad iY : 
ae oem he d ay a a H) > 


= fy < ay fhe ™* 


ae ae A 


ne ae eat 


— 


= 


is 


oh dine 
NS 
ad 5 
ye 


Dest 


FeO til 
eA! 


Peevey de 
4 HAG We 


QAM ack neseesen 


(Etiye 


RE OBS, 
‘ GAR ITE 
Breyer ds 2 Wey: ished 
AUPE LIRA YE 

att 


Cog 


Levis 


Paina) 
end 


ate 


ff ae 
Fy dea tale SL 


